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PREFACE. 

-  •  ‘  ’  K 
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PREFACE. 


Of  the  Engravings,  the  Subjects  are,  1.  A  very  simple 
and  perfectly  safe  Gun  Lock,  by  Mr.  Dodd.  2.  The  framing 
of  a  Field  Gate  with  a  considerable  Accession  of  Strength, 
by  Mr.  Waistell.  3.  A  Compensation  Curb  for  a  Time 
Piece,  by  Mr.  Scott.  5,  6.  Plans  and  Sections  of  the  Ba¬ 
varian  Salt  Works.  7.  Captain  Brodie’s  Method  of  connect 
ing  Iron  Bars,  and  coating  them  with  Lead.  8.  Mr.  Rawlin- 
son’s  Mill  for  grinding  Colours.  9.  Apparatus  for  grinding 
Indigo  and  other  dry  Materials.  10.  Method  of  banking  the 
Balance  of  a  Time  Piece,  by  Mr.  Hardy.  1 1.  A  Pyrometer 
for  meafuring  the  Heat  of  a  Furnace,  by  Mr.  J.  G.  F. 
Schmidt.  12.  A  Portable  Steam  Engine,  by  Mr.  Murray. 
13.  Apparatus  for  making  the  Gaseous  Oxide  of  Carbon,  by 
Mr.  Baruel.  14.  A  Topographical  Plan  by  Mr.  Churchman, 
in  which  the  Elevations  and  Depressions  of  the  Surface  of 
the  Earth,  are  by  a  new  Method  correctly  delienated.  15. 
Mr.  Gregory’s  Apparatus  for  measuring  the  Power  of  Horfes. 
16.  The  x\merican  Borer.  17.  Diagram  illustrative  of  Optics, 
by  Mr.  Ezekiel  Walker.  18.  Mr.  Sepping’s  Blocks  for 
supporting  and  suspending  Ships.  19.  Count  Rumford’s 
Apparatus  for  illustrating  his  Experiments  in  Proof,  that  the 
greatest  Density  of  Water  is  higher  than  the  freezing  Point. 

20.  A  Valve  for  Steam  Engines,  by  the  Chevalier  Edelcrantz. 

21.  Figures  and  Diagrams,  by  Edward  Pigott,  Efq.  to  illu¬ 
strate  the  Causes  of  Periodical  Decrease  in  Diminution  of 
Light,  in  a  Star  in  Sobiefki’s  Shield.  22.  A  Press  for  Botani¬ 
cal  Specimens,  by  Mr.  Harrison. 
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Letter  from  Mr.  Thomas  Reid,  on  the  Conjlru&ion  of  Time* 

keep  ing  M a  ch  ines. 


To  Mr.  NICHOLSON, 


SIR, 


In  your  interefting  and  ufeful  Journal  of  December  laid,  I 
was  glad  to  fee  the  improvement  of  compenfation  pendulums 
for  agronomical  clocks,  fo  zealoufly  taken  up  by  fuch  an  able 
hand,  as  that  of  Mr.  Edward  Troughton’s. 

But  an  excellent  clock  of  this  fort  becomes  fo  very  valuable 
and  neceffary  an  appendage  in  an  obfervatory,  to  thofe  agrono¬ 
mical  inftruments  with  which  he  is  fo  happily  engaged  in  daily 
conftrufting  and  improving;  that  he  mull  more  readily  fee 
their  advantage  than  even  thole  whole  bufinefs  it  is  to  make 
fuch  clocks.  If  Mr.  Berthoud,  a  celebrated  author  on  every 
part  that  regards  the  improvement  of  time-keeping  machines, 
is  correct,  it  would  appear,  that  the  Heel  wires  of  Mr. 
Troughton's  pendulum  mull  be  too  flender.  Mr.  Berthoud, 
by  his  experiments,  law,  that  there  was  a  certain  ftrength  of 
materials  neceflary,  in  order  to  render  the  compenfation  com-^ 
plete  having  found,  that  on  the  pendulum  rods  (if  too  fmall) 
being  lengthened  by  heat,  the  contraction  by  cold  would  not 
Vot.  XL — May,  180$.  B  bring 
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Mr.  Troughton 
feems  to  have 
attended  to 
this. 


The  pendulum 
of  Ludla.n  with 
a  worxien  rod 

examined. 


bring  the  ball  again  quite  up  to  the  place  where  it  fet  out  from 
when  the  heat  wras  firft  applied,  and  this  with  a  ball  of  a 
moderate  weight;  no  doubt  the  weight  of  the  ball  may  be 
made  (ubfervient  to  any  tize  of  wires. 

Whether  Mr.  Troughton  has  attended  to  thefe  circum fiances, 

I  know  not,  but  fulpeft  from  his  propoting,  yet,  to  make 
fome  fort  ot  pyromelrical  apparatus  for  the  further  proving 
ot  his  pendulums,  that  the  complete  compepfation  has  rot 
been  fully  afeertaiued,  only  in  fo  far  as  regards  the  calcula¬ 
tion  of  the  relative  expanlions  of  brafs  and  fieel. 

The  improvement  of  clocks,  and  time-keeping  machines  of 
every  deleriplion,  more  particularly  thofe  defiined  for  afirono- 
mical  purpoies,  is  a  fubjedt  that  has  not  a  little  engaged  my 
time  and  attention. 

There  is  a  pendulum,  having  a  wooden  rod,  the  confiruc- 
tion  of  which  is  deferibed  with  great  neatnefs,  perfpicuity, 
and  mechanical  knowledge,  by  its  author,  (Mr.  Ludlam,  late 
an  eminent  profetfor  at  Cambridge)  in  his  efiays,  and  recom¬ 
mended  by  him,  who  was  no  mean  judge,  as  one  of  the  befi  in 
almofi  every  refpect,  particularly  in  fo  far  as  regards  the  im- 
pulfe  from  the  clock  taking  place  through  the  middle  line  or 
centre  of  the  rod,  to  be  thence  communicated  in  the  (amc 
line  to  that  of  the  ball,  that  hence  no  circumgyralory  motion 
fhould  take  place.  Now,  although  the  principle  lot  out  with 
here ,  feems  completely  adapted  to  prevent  this  lort  of  motion, 
it  will  be  found  on  trial,  as  I  did,  that  of  all  pendulums  yet 
made,  it  is  the  raoft  liable  to  generate  this  very  fort  of  motion. 
The  ball  being  the  middle  frufium  of  a  globe,  a  form  whole 
matter  is  much  fpread  out  from  the  centre  to  the  edge,  and 
having  a  large  hole,  for  the  rod  to  pafs  through;  this  taking 
aw'ay  much  of  the  matter  from  the  centre,  tends  much  more 
than  the  lenticular  form,  to  produce  the  motion  Mr.  Ludlam 
wifiied  to  avoid.  Another  great  fault  of  this  pendulum,  is, 

xvhich  are  a£fced  ^at  Gf  putting  in  lcrewrs  through  the  w'ooden  rod,  to  clip  the 
on  by  the  crutch  „  r  .  ,  •  ,  e  i  c 

do  not  preferve  flat  Part  *rom  cmtch  ;  now  in  changes  ot  weather  from 

3  conrtan:  dif-  nioifi  fo  dry,  or  by  heat  and  cold,  thefe  ferew's  will  accordingly 
tance,  be  found,  fometimes  to  pinch  the  flat  part  of  the  crutch,  and 

at  other  times,  to  leave  it  at  liberty,  or  even  to  allow  it  to 
have  a  confiderable  degree  of  fiiake  between  the  ferew  points: 
hence  will  arife  very  different  degrees  of  impulfe  communicat¬ 
ed  to  the  pendulum  ball.  Wood  has  a  very  lenfible  la- 

liludinary 


It  is  liable  to  a 
fide  ofcillation  of 
the  ball  round 
the  rod  as  an 
axis. 


The  ferews 
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lifudinary  alteration,  by  the  efFe&s  of  heat  and  cold.  Or  by  beotufe  Wood 
dry  and  moid,  yet  thcfe  effects  on  its  length  are,  father  but  ^rai^byTcm^ 
very  imperceptible,  or  at  lead,  are,  in  fo  fmall  a  degree,  as  perature  and 
have  not  been  well  afcertafaed,  to  what  extent  they  are;  even  moifture>  &c» 
by  thofe  who  have  made  experiments  with  it  on  the  pyrometer; 

Mr.  Berthoud  condemns  wood  as  being  unfit  for  pendulum  The  end  expan? 

rods,  and  although  he,  and  others  have  given  tables  of  the  **on  wooc* 
r  ?  .  ,  r  ,  .  >et  unknown* 

expanlion  of  .various  materials,  yet  none  or  them  have  con¬ 
descended  to  fay,  what  were  the  effects  of  heat  and  cold  on 
wood  of  any  fort* 

I  am  well  convinced,  that  a  pendulum  may  be  fo  fitted  up  Wdoden  pen- 
with  a  wooden  rod,  as  to  perform  with  fuch  a  degree  of  cor-  dulums  feem 
recinefs,  that  it  would  be  a  very  difficult  matter  to  fay,  whether  compound  pen- 
it,  or  the  beft  compenfation  pendulum  yet  confirudted,  dulums, 
when  both  comparatively  tried,  was  the  neared  to  accurate 
meafuring  of  time. 

There  has  been  one  circumdance  attending  all  thofe  pen-  ^ut  are  0fcen  jjj 
dulums  fitted  up  with  a  wooden  rod,  that  their  errors  have  conitrudted. 
been  imputed  to  the  rod,  when  in  fadt,  they  ought  to  have 
been  imputed  to  that  of  the  ball,  and  thefe  errors  have  arifen 
from  the  manner  by  which  the  ball  is  hung  on  the  rod,  reding 
on  its  lower  edge  on  the  regulating  nut ;  ajid  lead  having  a 
confiderable  degree  of  expanfiion,  clocks  having  fuch  pen¬ 
dulums  have  been  found,  by  thofe  who  attended  properly  to 
their  going,  to  have  gone  condantly  fader  in  dimmer  than  in 
winter.  Let  the  ball  therefore  be  hung  by  its  centre  on  'the 
rod,  and  a  much  greater  degree  of  accuracy  in  time-keeping 
will  be  feen  to  follow. 

In  confequence  of  my  trials  with  Mr.  Ludlam’s  pendulums,  jmprovef) 
they  were  found  to  be  extremely  troublefome  to  put  on  beat,  dulum. 
from  their  drong  tendency  to  this  gyratory  lort  of  motion,  it 
being  fome  while,  before  they  would  come  to  move  deadilv  ; 

I  hit  not  only  on  a  method  of  putting  a  clock,  as  it  were  me¬ 
chanically  on  beat,  (the  common  way  being  by  the  ear)  but  was 
led  to  think  on  a  way  of  condructing  a  pendulum,  in  which 
this  gyratory  motion  could  hardly  take  place,  even  although 
the  pendulum  fhould  be  but  indifferently  fitted  up.  This  lad 
was  by  following  a  method  cpiite  the  reverfe  to  that  of  Mr. 

JLudlarrds,  in  making  the  pendulum  ball,  which  I  made  in  the 
ufual  or  lenticular  form,  and  in  order  that  it  diould  have  as 
much  of  its  matter  preierved  at  the  centre,  there  were  two 

B  2  ft  eel 
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The  experiment 
applied  to 
watches,  &c. 


Pendulum  for 

regulating  the 

ftriking  part  of 
clocks ;  not  new. 


The  crank 
fcapement,  not 
new } 


and  bad* 


flee!  wires  put  through  the  ball,  pafting  parallel  to  each  other, 
and  each  put  a  little  to  one  tide  of  the  centre,  through  which 
pendulum  rods  are  ufuallv  made  to  pals,  and  when  the  rod  is 
wood,  it  neceffarily  takes  away  much  of  the  matter  from  the 
centre  of  the  ball. 

A  pendulum  of  this  fort  of  mine,  and  which  has  a  degree 
of  compenlation  in  it,  I  made  to  a  clock,  which  my  brother 
got,  and  which  he  has  at  his  houfe,  No.  31,  Roiamon  Street, 
Clerkenwell. 

1  mentioned  this  mode  of  putting  clocks  mechanically  on 
beat,  to  my  ingenious  friend,  Mr.  Pennington,  who  has  finte 
very  happily  applied  the  fame  fuccefsfully  in  his  practice  to 
watches,  &c. 

I  fee  you  have  mentioned  in  your  Journal  of  July  la  fly  the 
application  of  a  pendulum  to  regulate  the  ftriking  part  of  clocks, 
from  the  Society  for  encouraging  Arts,  &c.  having  given  a 
premium  for  it  to  Mr.  Mafly. 

This  is  not  a  new  thing.  Mr.  Berthoud  mentions  it  as  his 
invention,  and  you  will  fee  a  drawing,  and  the  description  of 
it,  in  his  Effui  fur  1’IIorlogcrie ,  publithed  in  1763.  Julien  Le 
Roy,  in  my  humble  opinion,  is  certainly  intitled  to  the  merit 
of  it,  as  it  appears  to  me,  that  Berthoud  has  taken  the  idea  of 
it  from  Le  Roy’s  method  of  regulating  the  ftriking  train  of  his 
repeating  watches,  which  he  invented ,  and  applied  to  them 
about  the  year  1754. 

There  wras  a  premium  given  alfo  in  1799,  by  the  honour¬ 
able  fociety  above  mentioned,  for  a  new  ’fcapement  by  Mr. 
Goodrich*;  now  this  ’fcapement  was  made  prior  to  the  year 

1740,  and  invented  by  the  Abbe  Soumille  ;  and  another  nearly 
of  the  fame  (ort  was  made  at  Rome  before  that  period,  as  may 
be  feen  in  die  collection  publifhed  by  Thiout,  in  the  year 

1741.  Surely  nobody  would  think  of  adopting  fuch  a  ’fcape¬ 
ment  as  this,  whofe  principle  feems  to  be  that  of  depriving 
the  pendulum  of  the  molt  valuable  property  it  polleft'es,  viz. 
that  of  having  the  liberty  to  operate  freely  under  the  influence 
of  gravitation.  Tliis  ’fcapement  keeping  the  pendulum,  as 
it  were  in  leading  firings. 

I  am  furpriled  that  none  of  the  members  of  (his  honour¬ 
able  and  ufe ful  fociety,  fhould  not  have  known,  that  thele 


f  See  Philof.  Journal,  quarto  ferics,  III.  342>  416.  It  is  a 
crank. — N.  • 

things 
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th  ings  for  which  premiums  have  been  adjudged  were  not  new, 
perhaps  they  were  neverthelefs  Jb,  to  thole  to  whom  the  pre¬ 
miums  were  adjudged. 

Among  Thiout's  collection  may  be  feen  a  ’fcapement,  which  A  ‘capement 

.  °  J  r  ^  made  long  ag® 

he  gives  to  the  ingenious  Dutertre,  about  the  year  1 7 21. 

Peter  Le  Rov  gave  into  the  Royal  Academy  of  Arts  and 
Sciences  in  the  year  1127,  a  description  of  the  fame  ’fcape- 
ment  which  Dutertre  claimed,  or  pretended  to  fay  was  his 
invention.  The  miftake  lavs  with  Thiout,  for  Dutertre’s 
’fcapement  is  an  improvement  of  a  very  old  one,  ufed  by  the 
Germans  in  large  clocks,  perhaps  long  before  the  year  1600, 
though  neither  the  author  of  it,  nor  the  time  when,  can  now 
be  traced. 

However  it  was  before  Dr.  Hook’s  time,  who  invented  one 
of  the  fame  kind  before  1658.  I  would  not  have  entered  fo 
minutely  into  this  difeuffion,  but  to  fbow  the  progrefs  of  the 
duplex,  which  in  its  prefent  form,  was  firfl:  made  fo  by  Peter  leading  to  the 
Le  Roy,  who  afterwards  gave  it  up  for  a  bad  one;  yet  it  ought  duPl  >x  /”Pe- 
to  be  allowed  that  that  of  Dutertre’s  mult  have  led  him  very  was  fi  ft  made 
eafily  to  it.  So  much  for  the  duplex  ’fcapement,  fo  called  by  by  Peter  Le  Roy, 
the  workmen,  and  now  in  fuch  general  ufe.  A  celebrated 
Philofopher  in  the  fupplement  to  the  Edinburgh  Encyclopedia, 
under  the  article  watch  work,  has  given  it  a  French  furname, 
that  of  Dupleix,  for  what  reafon,  I  know  not. 

Thiout  has  given  alfo  among  the  number,  a  ’fcapement  of  The  origin  of  - 
bis  own,  a  lort  of  detached  one,  and  which  may  be  confider-  deuchTdT’fcape- 
ed  as  the  foundation  of  the  detached  one  of  the  prefent  day,  ment  aferibed  to 
now  fo  much  improved,  and  of  fuch  general  ufe  in  all  our  ri^10Ut* 
pocket  and  box  chronometers :  indeed  it  feems  a  fcapement 
indifpenfably  neceffary  for  thefe  purpofes.  Yet  Berthoud  in 
his  famous  time-keeper.  No.  8,  ufed  a  very  different  one 
from  that  of  the  detached  fort. 

•• 

I  am. 

Sir,  with  much  effeem,  Your’s, 

THOMAS  REID. 

Edinburgh,  26th  March,  1805. 
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Whether  the 
artificial  pyrites 
with  minimum 
ef  fulphur  be, 
like  the  natural, 
nugnetical. 


The  artificial 
compound  is  not 
a  mere  mixture. 


The  compound 
4ire£tlv  formed 
at  red  heat. 


II. 


An  Analijfis  of  the  Magnetical  Pyrites;  nit/i  Pc  marks  onjbme  of 
the  other  Sulpharets  of  Iron,  By  C u arles  Hatchett, 
Ffq.  F.  11.  S.  From  the  Philojophical  Iran  jit  Pi  ions  for  1804. 

(Concluded  from  page  176.) 


§  VII. 

So  far,  therefore,  as  can  he  proved  by  fimilarity  in  chemical 
properties  and  analyfis,  the  magnetical  pyrites  is  indifpulably 
a  natural  fulphuret,  completely  the  fame  with  that  which  tifl 
now  has  been  only  known  as  an  artificial  produft  ;  but,  that 
the  mind  may  be  perfectly  fatisfied,  another  queftion  inuft  bo 
folved,  namely,  how  far  do  they  accord  in  receiving  and  re¬ 
taining  the  property  of  magnetifm  ?  common  pyrites  do  not 
appear  to  affl-ft  the  magnetic  needle,  or,  it  fome  of  them  flightly 
a6t  by  attra&ion,  (which  however  I  never  could  perceive,  nor 
recolle6t  to  have  read  in  works  exprefsly  relating  tomagnetifm  J 
yet  they  do  not  poffefs,  nor  appear  capable  of  acquiring,  any 
magnetic  polarity.  As,  therefore,  the  iron  of  pyrites  is  un, 
doubtedly  in  the  metallic  date,  and  in  a  confiderable  proportion, 
the  definition  ot  this  chara&eriftic  property  of  metallic  iron, 
mud  be  afcrjbed  to  the  other  ingredient,  fulphur. 

But  we  have  lately  feen,  that  a  natural  combination  of  iron 
with  36.50  or  37  per  cent,  of  fulphur,  is  in  poffefiion  of  all  the 
properties  fuppofed  hitherto  to  appertain  (in  any  marked  degree) 
almoft  exclufively  to  the  well  known  magnetic  iron  ore;  and 
that  the  combination  alluded  to  is  tlridly  chemical,  and  not  (as 
at  firft  might  have  been  imagined)  a  mixture  ot  particles  of 
magnetic  iron  ore  with  common  pyrites  *. 

This  is  certainly  very  remarkable;  and  it  induced  me  to  exa, 
ndne  the  efTe6ts  produced  by  fulphur,  on  the  capacity  of  me¬ 
tallic  iron  for  receiving  and  retaining  the  magnetic  properties. 
I  therefore  prepared  tome  fulphuret  of  iron,  by  adding  a  large 
quantity  of  fulphur  to  fine  iron  wire,  in  a  moderate  red  heat. 


*  This  has  been  fufficiently  proved,  by  the  fafts  which  have  been 
dated;  I  (hall  however  add,  that  upon  digefting  a  mixture  of  the 
powder  of  common  pyrites  and  iron  filings  in  muriatic  acid,  I  only 
obtained  hydrogen  gas,  exr.&ly  as  if  I  had  employed  the  iron  filings 
without  the  pyrites. 

The 
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The  internal  colour  and  luftre  of  the  product,  were  not  very  refemMed  com- 
onlike  thofe  of  the  magnetical  pyrites;  and,  after  the  mafs  bu^wa^capabk 
had  been  placed  during  a  few  hours  between  magnetical  bars,  of  magneton. 

I  found  that  it  pofl'elfed  fo  itrong  a  degree  of  polarity,  as  to 
attract  or  repel  the  needle  completely  round  upon  its  pivot; 
and  although  feveral  weeks  have  elapfed  fince  it  has  been  re¬ 
moved  from  the  magnetical  bars,  it  ftill  retains  its  power,  with 
little  diminution  ;  like  the.  magnetical  pyrites,  however,  in 
its  natural  ftate,  it  is  not  fufficiently  powerful  to  attract  and  • '  * 

take  up  iron  filings. 

But  this  fulphuret  did  not  contain  fo  much  fulphur  as  the  It  contained  lefs 
magnetical  pyrites;  I  therefore  mixed  fome  of  it,  reduced  to  m^gnedcal30  ^ 
powder,  with  a  large  quantity  of  fulphur,  and  fubjected  it  to  pyrites.  More 
diftillalion  in  a  retort,  which  was  at  length  heated  until  the  hiphur  added 

°  and  low  ignition. 

intire  bulb  became  red. 

The  fulphuret,  by  this  operation,  had  aflumed  very  much  It  was  attra£hb!e 

r  ,  ,  r  r  0  by  the  magnet. 

the  appearance  of  the  powder  of  common  pyrites,  in  reipect 
to  colour;  but,  in  its  chemical  properties,  iuch  as  folubility  in 
muriatic  acid,  with  the  produ&ion  of  fulphuretled  hydrogen 
gas,  as  well  as  in  the  nature  of  the  precipitates  it  afforded  with 
prufliate  of  potafli  and  with  ammonia,  it  perfectly  refembled 
the  magnetical  pyrites.  Moreover,  by  analyfis,  it  was  found 
to  confift  of  33  parts  of  fulphur  and  63  of  iron  ;  and  although 
(being  in  a  pulverulent  ftate)  its  power,  as  to  receiving  and 
retaining  the  magnetic  property,  could  not  fo  eaiily  be  examin¬ 
ed,  yet,  by  being  powerfully  attra&ed  by  the  magnet,  with 
fome  other  circumftances,  there  was  every  reafon  to  conclude, 
that  in  this  ref pe<5t  alfo  it  was  not  inferior. 

Another  proportion  of  fulphuret  was  formed,  as  above  de- 
feribed  ;  it  was  placed  between  magnetical  bars,  and,  in  like 
manner,  received  and  retained  the  magnetic  power. 

It  is  certain,  therefore,  that  when  a  quantity  of  fulphur  equal  Hence  36  or  37 

to  35  or  37  per  cent,  is  combined  with  iron,  it  not  only  does  not  cent“  d,0c5 
J  1  J  not  prevent  iron 

prevent  the  iron  from  receiving  the  magnetic  fluid,  but  enables  from  becoming  a 
it  to  retain  it,  fo  that  the  mafs  acts  in  every  refpe£t  as  a  per-  magnetf 
manent  magnet. 

Black  oxide  of  iron,  by  one  operation,  does  not  appear  to  Black  oxide  of 
combine  with  fulphur  fo  readily  as  iron  filings;  a  fecond  opera-  ^ith  fu'lphur lefa 
tion,  however,  converts  it  into  a  fulphuret,  very  much  re- readily, 
fumbling  that  which  has  juft  been  deferred,  including  the 

chemical 
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chemical  as  well  as  the  magnetical  properties;  but,  undoubted¬ 
ly,  by  thefe  procetTes,  it  is  progrefiively  converted,  perfe&ly 
or  very  nearly,  into  the  metallic  date. 

Iron  combined  with  a  larger  proportion  of  oxygen,  fuch  as 
the  fine  gray  fpecular  iron  from  Sweden,  will  not  form  a  ful- 
phuret  by  the  direct  application  of  fulphur,  in  one  operation; 
although  it  becomes  of  a  dark  brown  colour,  partly  iridefcent, 
and  is  moderately  attra&ed  by  a  magnet. 

M^netical  Fifty  grains  of  the  magnetical  pyrites,  reduced  to  powder, 

pyrites  combined  ancj  mjxec|  vv  i  tli  three  times  the  weight  of  fulphur,  were  didilied 

with  o  per  cent.  .  .  .  ,  .  r 

mere  of  fulphur, ,n  a  retort,  until  the  bulb  became  moderately  red-hot.  Alter 
the  diftiliatioil,  the  pyrites  weighed  54. 50^  confequently,  the 
addition  of  fulphur  was  9  per  cent,  making  the  total  =  45.50  or 
46  per  cent.  The  powder  was  become  greenitb-yellow,  very 
like  that  of  the  common  pyrites:  it  did  not  afford  any  fulphu- 
retted  hydrogen,  when  digeded  in  muriatic  acid  ;  but  it  never- 
thelefs  was  partially  diffolved,  and  the  folution,  when  examined 
by  pruffiate  of  potafh,  and  by  ammonia,  was  not  different  from 
that  of  the  crude  magnetical  pyrites. 

The  powder  which  had  been  didilied  with  fulphur,  and 
which  had  thus  received  an  addition  of  9  per  cent,  to  its  original 
quantity,  teas  ftill  capable  of  being  completely  taken  vp  by  a 


.—was  ftill  at¬ 
tracted  by  the 
magnet. 


magnet . 

I  on  ceaf’s  to  be  From  the  whole  of  the  experiments  which  have  been  related, 
adted  on  by  the  it  is  therefore  evident,  that  iron,  when  combined  with  a  confi- 

proportion  of  fulphur,  is  not  only  dill  capable  of  receiv¬ 
es  at  fomc  point  ing  the  magnetic  property,  but  is  alfo  thereby  enabled  to  retain 

between  46  an<}  anc|  (|llls  ras  j  have  already  remarked)  becomes  a  complete 
52  per  (ent .  .  .  ...  .  ,  .  , 

magnet;  3nd  it  is  not  a  little  curious,  that  iron  combined  (as 

above  dated)  with  45  or  46  per  cent,  of  fulphur,  is  capable  of 

being  taken  up  by  a  magnet,  whild  iron  combined  with  52 per 

cent,  ormore,  of  fulphur,  (although  likewife  in  the  metallic  date,) 

does  not  fenfibly  affect  the  magnetic  needle;  and  hence,  fmall 

as  the  difference  may  appear,  there  is  reafon  to  conclude,  that 

the  capacity  of  iron  for  magnetic  aftion  is  dedroyed  by  a 

certain  proportion  of  fulphur,  the  efi'e&s  of  which,  although  little 

if  at  all  fenfible  at  46  per  cent,  are  yet  nearly  or  quite  abfolute, 

in  this  dedru&ion  of  magnetic  influence,  before  it  amounts  to 

52.  But,  what  the  exaift  intermediate  proportion  of  fulphur 

may  be,  which  is  adequate  to  produce  this  effe<5t,  I  have  not  as 

yet  determined  by  a&ual  experiment. 
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As  carbon  ads  on  foft  iron,  (which,  although  it  mod  readily  Sulphur  a<^s  on 
receives  the  magnetic  influence,  is  unable  to  retain  it  lo  as  to  caufing  it  to 
become  a  magnet,  without  the  addition  of  a  certain  proportion  contain  magnet- 
of  carbon,  by  which  it  is  rendered  hard  and  brittle,  or,  in  other  5 
words,  is  converted  into  fteel,  fo,  in  like  manner,  does  fulphur 
Teem  toad;  for  it  has  been  proved,  by  the  preceding  experi¬ 
ments,  that  the  brittle  mafs  formed  by  the  union  of  a  certain 
proportion  of  this  fubdance  with  iron,  whether  by  nature  or  by 
art,  becomes  capable  of  retaining  the  magnetic  virtue,  and  of 
ading  as  a  complete  magnet. 

This  remarkable  coincidence,  in  the  effeds  produced  on  iron  — and  fo  like- 
by  carbon  and  fulphur,  induced  me  to  try  the  effeds  of  phof- 
phorus;  and  my  hope  of  fuccefs  was  increafed  by  the  remark 
of  Mr.  Pelletier,  who  fays,  that  “  the  phofphuret  of  iron  is 
attraded  by  the  magnet;”  *  and  therefore,  although  certain 
bodies  may  be  thus  attraded,  without  being  capable  of  adually 
becoming  permanent  magnets,  I  was  defirous  to  examine  what 
might  be  the  power,  in  this  refped,  of  phofphuret  of  iron. 

I  therefore  prepared  a  quantity  of  phofphuret  of  iron,  in  the  Experiment. 

diredway,  viz.  by  adding  pholphorus,  cut  into  final  1  pieces,  to  pil0lPhuret 

.  ,  °  1  .  r  iron  was  made  j 

fine  iron  wire  made  moderately  red-hot  in  a  crucible.  The  ufual 
phenomena  took  place,  fuch  as  (he  brilliant  white  flame,  and  the 
rapid  melting  of  the  iron,  which,  when  cold,  was  white,  with  a 
driated  grain,  extremely  brittle,  hard,  and  completely  convert¬ 
ed  into  a  phofphuret.  The  fragments  of  this  were  powerfully 
attraded  by  a  magnet;  and,  after  I  had  placed  two  or  three  of 
the  larged  pieces,  during  a  few  hours,  between  magnetical  bars, 

I  had  tiie  pleafure  to  find  that  thefe  had  become  powerful — and  by  the 
magnets,  which  not  only  attraded  or  repelled  the  needle  com-  po^fl^^a^net 
pletely  round,  but  were  able  to  take  up  iron  filings,  and  (mall 
pieces,  about  half  an  inch  in  length,  of  fine  harpfichord  wire; 
and,  although  they  have  now  been  removed  from  the  mag¬ 
netical  bars  more  than  three  weeks,  I  cannot  difcover  any  di¬ 
minution  of  the  power  which  had  thus  been  communicated  to 
them. 

The  three  inflammable  fubdances,  carbon,  fulphur,  and 
phof phorus,  w:  ich,  by  their  chemical  effeds  on  iron,  in  many 
refpeds  rcfemble  each  other,  have  now  therefore  been  proved 

*  “  be  Phofphure  de  Fer  eft  attirablg  a  l’aimant.”  Annales  de 
Chiinie,  Tome  XIII.  p.  114. 

alike 
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alike  to  potfefs  the  property  of  enabling  iron  to  retain  the 
power  of  magnetifm;  but  I  (hall  confider  this  more  fully  in 
the  following  fe&ion. 

§  VIII. 

From  the  whole  which  has  been  hated  we  find, 

General  refults.  1.  That  the  fubfiance  called  niagnelical  pyrites,  which  has 

Magnetic  pyrites  hitherto  been  found  only  in  Saxony  and  a  few  other  plac  es,  is 

alfo  a  Britifh  mineral,  and  that,  in  Gaernarvonfhire,  it  forms  a 

vein  of  confiderable  extent,  breadth,  and  depth. 

—containing  2.  That  the  component  ingredients  of  it  are  fulphur  and 

jioiit  37  fulphur  metallic  iron:  the  former  beinjr  in  the  proportion  of  36.50  or 
and  63  iron.  ,  ,  ,  h  v  r 

37,  and  the  latter  about  63.50  or  63. 

I;  differs  in  its  3.  That  the  chemical  and  other  properties  of  this  fubfiance 
propei ties  from  are  very  different  from  thofe  of  the  common  martial  pyrites, 
w h^^orinin s *  wkich  liowcver  are  alfo  com pofed  of  fulphur  and  iron,  varying 
rot? tt  fulphur.  in  proportion,  from  52. 1 5  to  54.34  of  lulphur,  and  from  47.85 

to  45.66  of  metallic  iron  ;  the  difference  between  the  common 
pyrites  which  were  examined  being  therefore  2. 19,  and  the  mean 
proportions  amounting  to  53.24  of  fulphur,  and  46.75  of  iron; 
consequently,  the  difference  between  the  relative  proportions,  in 
the  compofition  of  the  magnelical  pyrites  and  of  the  common 
pyrites,  is  nearly  16.74,  or  16.24. 

It  is  identically  4.  That,  as  the  magnelical  pyrites  agrees  in  analytical  refults, 
the  fame  as  the  as  well  as  in  all  chemical  and  other  properties,  with  that  ful- 
phuret  of  iron  which  hitherto  has  been  only  known  as  an 
artificial  product,  there  is  no  doubt  but  that  it  is  identically  the 
fame;  and  we  may  conclude,  that  its  proportions  are  mofl  pra- 
bablv  fubjefled  to  a  certain  law,  (as  Mr.  Prouft  has  obferved 
in  the  cafe  of  the  artificial  fulphuret,)  which  law,  under  certain 
c ire  11m fiances,  and  efpecially  during  the  natural  formation  of 
this  fubfiance  in  the  humid  way,  may  be  fuppofed  to  a£t  in  an 
ahnofi  invariable  manner. 

I r>  common  py-  5.  That,  in  the  formation  of  common  martial  pyrites,  there 
lit  s  the  fulphur  is  a  deviation  from  this  law,  and  that  fulphur  becomes  thepre- 
p red ) ruinates.  dominant  ingredient,  which  is  variable  in  quantity,  but  w  hich, by 

the  prefent  experiments,  has  not  been  found  to  exceed  54  34  per 
cent,  a  proportion,  however,  that  poffibly  may  be  furpafled  in 
other  pyrites,  which  have  not  as  ^et  been  chemically  ex¬ 
amined, 


artificial  ful 
phuret. 
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f>.  That  iron,  when  combined  naturally  or  artificially  with  Limits  of  the 

„  ,>  r  i  i  -  .  ,  ,  r  .  .  .  l'ulphur  in  mag- 

36. .;>()  or  3  /  ot  lulphur,  is  not  only  ft  ill  capable  of  receiving  the  netic  pVrit2S# 
magnetic  fluid,  but  is  alfo  rendered  capable  of  retaining  it,  fo  as 
to  become  in  every  refpect  a  permanent  magnet ;  and  the  fame 
may,  in  a  great  meafure,  be  inferred  refpecting  iron  which  has 
been  artificially  combined  with  45.50 per  cent,  of  fulphur. 

7.  That  beyond  this  proportion  of  45.50  or  4 6  per  cent,  of  Proportion  be- 
fulphur,  (in  the  natural  common  pyrites,)  all  fufceptibility  of ma^netic^nflu! 
the  magnetic  influence  appears  to  be  deflroyed;  and,  although  ence  is  loft, 
the  precife  proportion  which  is  capable  of  producing  this  ef¬ 
fect,  has  not  yet  been  determined  by  actual  experiment,  it  is 
certain  that  the  limits  are  between  45.50  and  52. 1 5  ;  unlefs  fome 
unknown  alteration  has  taken  place  in  the  date  of  the  fulphur, 

©r  of  the  iron  in  the  common  martial  pyrites. 

S.  That,  as  carbon,  when  combined  in  a  certain  proportion  As  carbon  ren- 
with  iron,  (forming  fteel.)  enables  it  to  become  a  permanent  Ir<!-n  tcru' 

3  \  r  cious  or  magnet- 

magnet,  and  as  a  cerfain  proportion  of  fulphur  communicates  ifm,  fo  alfo  do 

the  fame  quality  to  iron,  fo  alfo  were  found  to  be  the  effects  0f  rialpLur  and 
1  .  J  ...  phofpho.  us. 

phofphorus;  for  the  phofphuret  of  iron,  in  this  refpe£l,  was  by 
much  the  mod  powerful,  at  leaft  when  confidered  compara¬ 
tively  with  fulphuretof  iron. 

9.  And  laftly,  that  as  carbon,  fulphur,  and  phofphorus,  pro-  Conclufion. 
duce,  by  their  union  with  iron,  manv  chemical  effects  of  much 
(imilarify,  fo  do  each  of  them,  when  combined  with  that  metal 
in  certain  proportions,  not  only  permit  it  to  receive,  but  alfo 
give  it  the  peculiar  power  of  retaining,  the  magnetical  proper¬ 
ties;  and  thus  henceforth,  in  addition  to  that  carburet  of  iron 
called  Heel,  certain  fulphurets  and  phofphurets  of  iron  maybe 
regarded  as  bodies  peculiarly  fufceptible  of  ltrong  magnetical 
impregnation. 

Having  thus,  for  the  greater  perfpicuity,  reduced  the  princi¬ 
pal  facis  of  this  Paper  into  a  concife  order,  l  (hall  now  make 
fome  general  obfervations. 

It  is  undoubtedly  not  a  little  fingular,  that  a  fubflance  like  Remarks. 

the-magnetical  pyrites,  which,  although  not  common,  has  been  magnetical 
i  J  •  •  n  n  j  i  •  i  pyrites  rs  an  m- 

long  known  to  mineralogilts,  lhould  not  hitherto  have  been  tereftingproduft, 

chemically  examined,  efpecially  as  mineralogical  authors  have 

mentioned  the  analylis  of  it  as  a  defideratum.  The  refult  of 

this  which  I  have  attempted,  proves  that  it  is  really  deferving 

of  notice;  for  thus  we  have  afeertained,  that  the  fulphuret  of 

iron  hitherto  known  only  as  an  artificial  produft,  is  alfo  formed 

hy 
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No  inlet-mediate 
natural  product 
between  the 
common  and  the 
mag.  pyrites. 


Remarks  on 
Proud's  experi¬ 
ments* 


by  nature;  and  that  the  competition  of  this  lad,  agrees  with 
thote  proportions  of  the  artificial  fulphuret  which  have  been 
dated  by  Mr.  Proud. 

But,  from  this  fulphuret  or  magnetieal  pyrites,  I  have  not,  by 
analyfis,  as  yet  been  able  to  difeover  any  regular  or  immediate 
gradations  into  the  common  pyrites;  for  the  lead  proportion  of 
fulphur  in  thefe  amounted  to  52. 15,  and  the  greateft  proportion 
to  54. 34-;  fo  that,  between  the  magnetieal  and  the  common 
pyrites,  the  difference  is  confuierable,  in  the  proportions  of  t heir 
component  fubdances,  as  well  as  in  their  phydeal  and  chemical 
properties ;  ivhild  the  difference  which  I  have  hitherto  been  able 
to  detedl  in  the  proportions  of  fome  of  the  common  pyrites 
(very  didimilar  in  figure,  ludre,  colour,  and  hardnels,)  has 
only  amounted  to  2.19. 

Mr.  Proud,  in  a  general  way,  confiders  common  pyrites  to 
differ  from  the  fird  fulphuret,  or  that  compofed  of  60  parts  of 
fulphur  and  100  of  iron,  (=37.50  percent.)  by  containing  a 
farther  addition  of  half  the  above  quantity  of  fulphur,  or  90 
parts  of  fulphur  and  100  of  iron,  (=  47.36  per  cent.)  but  this 
opinion  he  appears  to  have  formed,  in  confequence  of  relults 
obtained  by  tynthetieal  experiments  made  in  the  dry  way. — 
Now,  when  we  confider  how  difficult  it  is  to  regulate  the  high 
degrees  of  temperature,  and  what  a  numerous  chain  of  altera¬ 
tions  in  the  relative  order  of  affinities  mod  commonly  refult 
from  alterations  in  thefe  degrees  of  heat,  it  feems  to  me  that 
we  cannot  rely,  with  abfolute  certainty,  on  fynthetical  experi¬ 
ments  made  in  the  above  way,  unlefs  they  are  corrected,  and 
contraded  with  analytical  experiments  made  on  the  fame  fub- 
ftanccs.  But  it  does  not  appear,  from  the  two  memoirs  pub¬ 
lished  by  Mr.  Proud,  to  which  I  have  fo  frequently  alluded, 
that  that  gentleman  did  more,  in  refpect  to  analyfis,  than  didil 
the  cubic  and  dodecaedral  pyrites  found  near  Soria,  from  which 
he  obtained  about  20  per  cent,  of  fulphur ;  and,  having  ob~ 
ferved  that  the  refiduum  potfetfed  the  properties  of  the  fulphu¬ 
ret  which  has  been  commonly  prepared  in  laboratories,  he  con¬ 
cluded  that  the  fulphur  obtained  from  the  pyrites,  is  theexcefs 
of  that  proportion  which  is  requifite  to  form  the  fulphuret,  the 
proportions  of  which,  therefore,  he  by  fynthefis  ascertained  to 
be,  as  I  have  above  dated,  =  37.50  of  fulphur,  and  62.50  of 
iron,  or  60  of  fulphur  combined  with  100  of  iron;  and  ladly, 
having  formed  318  grains  of  this  fulphuret  from  200  grains  gf 

iron 
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iron  filings,  he  diftilled  the  fulphuret  with  an  additional  quan¬ 
tity  of  (ulphur,  in  an  inferior  degree  of  heat,  and  obtained 
37  8  grains  of  a  fubftance  which,  excepting  denlity,  was  fimi- 
lar  to  the  common  martial  p)  rites.* 

It  is  however  to  be  regretted,  that  Mr.  Prouft  didnot  make  He  didnot  make 
a  regular  analytis  of  the  pyrites  of  Soria,  and  ot  the  refiduum  ar  ~nai* 
after  diftillation  ;  for  (unlefs  thefe  pyrites  are  very  different  from 
thole  which  I  have  examined)  he  wrould  moft  probably  have 
found  the  proportion  of  fulphur  greater  than  that  which  he  lias 
aifigned  to  natural  pyrites  in  general.  This  at  lealt  there  is  great 
realon  to  fuppofe,  if  we  allow  that  moft:  or  all  of  the  pyrites 
have  been  formed  in  the  humid  wray,  by  which,  we  may  con¬ 
ceive,  a  larger  proportion  of  fulphur  may  be  introduced  into 
the  compound,  than  can  take  place  in  high  degrees  of  tem¬ 
perature.  And  this  opinion  is  corroborated  by  the  refults  ot 
my  analyfes;  for,  inltead  of  finding  the  general  proportions  to 
be  47.36  of  (ulphur  and  52.64  of  iron,  the  mean  refult  of  thefe 
analvfes  is  very  nearly  the  reverfe,  being  53.24  of  lulphur  and 
46.76  of  iron. 

'Mr.  Prouft  isalfo  of  opinion,  that  the  pyrites  which  contain  Prouft  appre- 

the  fmalleft  quantity  of  fulphur,  are  thofe  which  are  mod  liable  ^encls  thatpj- 

to  vitriolization  ;  and,  on  the  contrary,  that  thofe  which  contain  leaft  fulphur  are 

the  larged  proportion,  are  the  leaft  affected  by  the  air  or  t0 

°  1  \  J  vitriolization  ~ 

weather,  f  This  opinion  of  the  learned  profelfor,  by  no  means 

accords  with  fuch  obfervations  as  I  have  been  able  to  make;  for 

the  cubic,  dodeeaedral,  and  other  regularly  cryftallized  pyrites, 

are  liable  to  oxidizement,  fo  as  to  become  what  are  called 

hepatic  iron  ores,  but  not  to  vitriolization;  whilft  the  radiated 

pyrites  (at  leaft  thofe  of  this  country)  are  by  much  the  moft 

fubject  to  the  latter  effedt;  and  therefore,  as  the  refults  of  the 

preceding  analyfes  fliow  that  the  cryftallized  pyrites  contain 

lefs  fulphur  than  the  radiated  pyrites,  I  might  be  induced  to 

adopt  the  contrary  opinion.  But  I  am  inclined  to  attribute  the 

effect  of  vitriolization  obferved  in  fome  of  the  pyrites,  not  fo 

much  to  the  proportion,  as  to  the  date  of  the  fulphur  in  the 

compound;  for  I  much  fufpedt,  that  a  predifpofition  to  vifrio-  But  this  difpo- 

lization,  in  thefe  pyrites,  is  produced  by  a  fmall  portion  of  oxygen  bably  -  riles  from 

being  previoufly  combined  with  a  part,  or  with  the  general  mafs,  a  commence¬ 
ment  of  oxida- 

I 

*  Journal  de  Phyfique ,  Tome  LIV,  p.  92. 

f  Journal  de  Phyfique ,  Tome  LI II.  p.  91. 
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of  (he  fulphur,  at  the  time  of  the  original  formation  of  thefe 
fubflances,  fo  that  the  flate  of  the  fulphur  is  tending  to  that  of 
oxide,  and  thus  the  acceflion  of  a  farther  addition  of  oxygen 
becomes  facilitated.  We  have  an  example  of  fimilar  effeCIs  in 
phofphorus,  when  (as  is  commonly  (aid)  it  is  half  burned,  for 
the  purpofe  of  preparing  the  phofphorus  bottles;  and  the  pro- 
penfily  to  vitriolization,  obferved  in  many  of  the  half-roafted 
lulphureous  ores,  appears  to  me  to  arife  from  this  caufe,  rather 
than  from  the  mere  diminution  of  the  original  proportion  of 
fulphur,  or  the  actual  immediate  converfion  of  part  of  it  into 
fulphuric  acid  ;  nevertheless,  I  offer  this  opinion,  at  prefent, 
only  as  a  probable  conjecture,  which  may  be  inveftigated  by 
future  experiments  and  obfervations. 

The  magnetical  The  magnetical  properties  of  the  fulphuret  of  iron  which 
fu iffhureT h  f°rms  the  principal  fubje#  of  this  Paper,  muff  be  regarded  as  a 

remarkable  fatf,  remarkable  fa£t ;  for  1  have  not  found,  in  the  various  publica¬ 
tions  on  magnetifm  which  I  have  had  the  means  of  confulting, 
even  the  mod  remote  hint,  that  iron  when  combined  with  ful¬ 
phur,  is  poffeffed  of  the  power  of  receiving  and  retaining  the 
magnetic  fluid  ;  and,  judging  by  the  properties  of  common 
pyrites,  we  might  have  fuppofed  that  fulphur  annihilated  this 
power  in  iron,  as  indeed  fee  ms  to  have  been  the  opinion  of 
mineralogies,  who  have  never  enumerated  magnetical  attrac¬ 
tion  amongft  the  phyfical  properties  of  thofe  bodies;  and, 
although  Werner,  Widenmann,  Emmerling,  and  Brochant, 
little  or  fcarcely  have  arranged  the  magnetical  pyrites  with  the  fulphurets  of 
noticed.  iron,  yet  the  magnetical  property  could  not  with  certainty  be 

ffated  as  inherent  in  the  fulphuret,  for,  at  (hat  time,  this  fub* 
Ifance  had  not  been  fubjeCted  to  a  regular  chemical  analyfis, 
and  the  magnetical  property  might  therefore  be  fufpected  to 
arife  from  interfperfed  particles  of  the  common  magnetical  iron 
ore.  This  probably  has  been  the  opinion  of  the  AbbC  Haiiy  ; 
for,  in  his  extenfive  Treatife  on  Mineralogy  lately  publifhed,  1 
cannot  find  any  mention  made  of  the  magnetical  pyrites,  either 
amongff  the  fulphurets  or  amongft  the  other  ores  of  iron. 

The  magnet  faid  In  the  mineral  kingdom,  a  great  variety  of  fubflances,  and 

to  con  a  fi.  of  iron  even  fome  cf  (jie  gems,  exert  a  feeble  degree  of  attraction  on 

With  lO  to  20  .  fir  •  . 

oxigen.  the  magnetic  needle,  and  lometunes  alio  acquire  a  flight  degree 

of  polarity;*  but,  as  this  wonderful  property  has  only  been 


*  Cavallo  on  Magnetifm,  j  age  73. 
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obferved  confpicuoufly  powerful  in  one  fpecies  of  iron  ore,  this 
has  been  always  emphatically  called  the  Mug  net,*  and  is  laid 
to  contirt  of  metallic  iron  combined  with  from  10  to  20  per 
cent  of  oxygen. 

From  the  fa6ts,  however,  which  have  been  recently  dated,  The  fulphurct 
we  now  find  that  there  is  another  natural  fubftance,  apparently  '0fCJ^riC»a 
very  different  from  the  magnet  in  chemical  compolition,  but 
neverthelefs  approaching  very  nearly  to  it  in  power,  which  is 
found  in  feveral  parts  of  our  globe,  and  particularly  in  a  pro¬ 
vince  of  this  kingdom,  where  it  conditutes  a  vein,  running 
north  and  fouth,  of  a  conliderable  extent,  and  feveral  yards  in 
widtli  and  thicknefs. 

From  the  experiments  alfo,  which  have  been  made  on  the  The  phofphuret 
artificial  preparation  of  this  fubdance,  we  find,  that  it  is  capable  m,;lSnct* 
of  receiving  the  magnetic  properties  when  the  proportion  of 
lulphur  amounts  to  37  per  cent,  and  is  dill  powerfully  attra&ed 
when  a  much  larger  quantity  of  fulphur  is  prefent.  There 
is,  however,  fome  point  at  which  all  thefe  effects  ceafe,  and 
this  point  appears  to  be,  when  the  fulphur  is  in  fome  proportion 
between  4-5  or  46  and  52  per  cent.  The  preceding  experiments 
have  alfo  proved,  that  iron  when  combined  with  phofphorus, 
likewife  podelfes  the  power  of  becoming  a  magnet  to  a  very 
remarkable  degree;  and,  by  the  fimilarity,  in  this  refpect,  of  the 
carburet  of  iron  called  fteel,  to  the  above  fulphuret  and  phof- 
phuret,  a  very  remarkable  analogy  is  edabiifhed  between  the 
effects  produced  on  iron,  by  carbon,  fulphur,  and  phofpho¬ 
rus. 

Carbon,  when  combined  in  a  very  large  proportion  with  iron,  of  carburets, 

forms  the  carburet  of  that  metal  called  plumbago ;  a  brittle  plumbago  knot 

•  •  •  •  »  ma^necical  z 

fubftance,  infoluble  in  muriatic  acid,  and  deditute  of  mngne- ot^r  fteel  ’on3- 
tical  properties.  But,  fmalier  proportions  of  carbon,  with  the  pounds  form  pow- 
fame  inetal,  conftitute  the  various  carburets  included  betweencr*ul  ’ 

black  caft  iron  and  foft  cad  deel;f  bodies  which  are  more  or 

lefs 

^  In  a  future  Paper,  it  is  my  intention  to  give  an  account  ef 
fome  comparative  analyfes  of  the  varieties  of  this  fubftance. 

f  “  When  the  carbon  exceeds,  the  compound  is  carburet  of  iron 
<c  or  plumbago  :  when  the  iron  exceeds,  the  compound  is  fteel,  or 
“  caft  iron,  in  various  dates,  according  to  the  proportion.  All 
“  thefe  compounds  may  be  confidered  as  fubcarburets  of  iron.” — 

Thomibn's  Syftcm  of  Chemiftry,  Vol.  I.  p,  1  Qj. 

Mr . 
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Sulphur  andiron 
have  fimilar  ha- 
bi  cades. 


So  likewife 
phofphorus  and 
iron. 


lefs  brittle,  foluble  in  muriatic  acid,  and  more  or  lefs  fufceplible 
of  magnetical  impregnation;  fome  of  them  form  the  moil 
powertul  magnets  hitherto  difcovered. 

Sulphur,  in  like  manner,  combines  with  iron  in  a  large  pro¬ 
portion,  formingthe  common  pyrites,  which  are  brittle,  almotl 
or  quite  infoluble  in  muriatic  acid,  and  devoid  of  magnetical 
properties.  Sulphur  in  fmaller  proportions,  forms  tulphurets 
which  are  alto  brittle,  but  are  foluble  in  muriatic  acid,  and 
ftrongly  lufeeptible  of  magnetical  impregnation. 

Phofphorus  alfo,  when  combined  with  iron,  makes  it  brittle, 
and  enables  it  powerfully  to  receive  and  retain  the  magnetical 
properties;  fo  that,  confidering  the  great  fimilarity  which  pre¬ 
vails  in  other  refpefls,  it  may  not  teem  rath  to  conclude,  that 
phofphorus  (like  carbon  and  fulphur,)  when  combined  with 
iron  in  a  very  large  proportion,  may  form  a  fubftance  incapable 
of  becoming  magnetical,  although,  in  fmaller  proportion,  (as 
wehavefeen,)  it  conftitutes  compounds  which  are  not  only 
capable  of  receiving,  but  alfo  of  retaining,  the  magnetical  pro¬ 
perties,  even  fo  far  as,  iu  fome  cafes,  to  feem  likely  to  form 
magnets  of  great  power  ;  and,  fpeaking  generally  of  the  car¬ 
burets,  tulphurets,  and  phofphurets  of  iron,  I  have  no  doubt  but 
that,  by  accurate  experiments,  we  fhall  find  that  a  certain  pro¬ 
portion  of  the  ingredients  of  each,  conftitutes  a  maximum  in  the 
magnetical  power  of  thefe  three  bodies.  When  this  maximum 
has  been  afcertained,  it  would  be  proper  to  compare  the  relative 
magnetical  power  of  Reel  (which  hitherto  has  alone  been  em- 

Mr.  Mufhet,  in  the  following  Table,  exhibits  the  proportion  of 
charcoal  which  difappeared,  during  the  converfion  of  iron  to  tii* 
different  varieties  of  fubcarburet  known  in  commerce. 

Refult. 

-  Soft  caR  Reel. 

-  Common  caR  Reel. 

-  The  fame,  but  harder. 

-  The  lame,  too  hard  for  drawing, 

-  While  caR  iron. 

-  Mottled  caR  iron. 

-  Black  caR  iron. 

“  When  the  carbon  amounts  to  about  of  the  whole  mafs,  the 
“  hardnefs  is  at  the  maximum.'”  Thornton,  Vol.  I.  p.  166;  anti 
Phil.  Magazine,  Vol.  XIIT.  pp.  142  and 
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ployed  to  form  artificial  magnets)  with  that  of  fulphuret  and 
phofphuret  of  iron;  each  being  firfi  examined  in  the  form  of  a 
fingle  mats  or  bar  of  equal  weight,  and  afterwards  in  the  flate 
of  compound  magnets,  formed  like  the  large  horfe-fhoe  mag¬ 
nets,  by  the  feparate  arrangement  of  an  equal  number  of  bars 
of  the  fame  fubflance  in  a  box  of  brals. 

The  effects  of  the  above,  compound  magnets  (liould  then  be  An  extenfive 

tried  againft  others,  compofed  of  bars  of  the  three  different  ^eld  forr  ^xFeri“ 
°  ...  .  ments  of  intereft 

fubftances,  various  in  number,  and  in  the  mode  of  arrange-  and  importance, 
ment;  and,  laftly,  it  would  be  interefiing  to  make  a  feries  of 
experiments  on  chemical  compounds,  formed  by  uniting  differ¬ 
ent  proportions  of  carbon,  fulphur,  and  phofphorus,  with  one 
and  the  fame  mats  of  iron.  Thele  quadruple  compounds* 
which,  according  to  the  modern  chemical  nomenclature,  may 
be  called  carburo-fulphuro  phofphurets,  or  phofphuro-fulphuro- 
carburets,  & c.  of  iron,  are  as  yet  unknown  as  to  their  chemi¬ 
cal  properties,  and  may  alfo,  by  the  invefligation  of  their  mag- 
netical  properties,  afford  fome  curious  refults.  At  any  rate, 
an  unexplored  field  of  extend  ve  refearch  appears  to  be  opened, 
which  poffibly  may  furnifli  important  additions  to  the  hiflory  of 
magnetifm,  a  branch  of  fcience  which  of  late  years  has  been 
but  little  augmented,  and  which,  amidfl  the  prefent  rapid  pro- 
grefs  of  human  knowledge,  remains  immerfed  in  confiderable 
obfeurity. 


III. 

Extract  of  a  Memoir  of  Mr .  ErMan,  entitled  Obfervations  and 
Doubts  concerning  Atmofplieric  Electricity, 

(Concluded  from  p.  300,  Vol.  X.) 

eleflrorneter  furnifhed  with  a  rod  three  feet  in  length, 
and  placed  in  the  open  air,  does  not  fiiew  any  divergence;  but 
when  the  bent  point  of  another  eledlrometer,  which  alfo  ex¬ 
hibits  no  divergence,  is  moved  above  the  firfi,  and  even  when 
the  motion  is  parallel  to  the  horizon,  the  leaves  of  the  latter 
will  be  feen  to  diverge  negatively,  without  the  fecond  giving 
any  fign  of  eledlricity. 

It  is  very  probable  that  the  effe&  of  thefe  vapourous  and 
aqueous  meteorological  maffes  is  manifefied  at  the  points  of  the 
Vol.  XI,— May,  C  electrometer. 


Two  ele Urome¬ 
ters  which  do 
not  indicate  di¬ 
vergence  alone, 
fliew  it  when 
one  is  palled 
above  the  other* 


This  effedt  pro¬ 
bably  arife^  trona 
the  division  ot 
the  electricity* 
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electrometer,  by  this  fame  adtion,  which  depends  on  the  divifipn 

of  (he  ele£tricity,  and  this  explains  the  fudden  changes  which 

fupervene  in  the  pofitive  or  negative  electric  hate  of  the  earth  : 

it  is  not  even  probable  that  the  clouds  p  ode  Is  in  (hemfelves  a 

negative  eleftricity,  or  that  the  vapours  of  water  fliould  be 

The  pofitive  or  always  in  this  date.  Mr.  Ennan  thinks  he  can  prove  that  the 

negative  (late  ot  vap0Urs  Qf  vvater  are  only  negative  when  the  body  from  which 
aqueous  vapour  *  J  °  J%  . 

depends  on  in-  they  proceed  is  inhibited;  but  that  they  become  positive  as  loon 

fulation.  as  q  js  brought  into  contact  with  the  earth.  Rain,  alter  its  tall, 

•*  leaves  bodies  in  the  date  oF  minus  electricity,  which  is  agreeable 

to  (he  preceding  experiments ;  fnovv  produces  this  effect  fo 

much  the  belter,  as  it  leaves  the  furrounding  air  in  a  date  of 

drynefs,  which  augments  its  infulaling  properties. 

Influence  of  the  •  The  clouds  which  have  a  tendency  to  rain  or  {how  mud  ne- 

douds  on  the  ceffarily  produce  tlieir  influence  on  the  ground,  and  it  is  for  this 

reafon  that  the  oppodtion  of  the  cloud  and  the  ground  is  fo 

quickly  manifeded.  It  would  be  intereding  to  explain  the 

complication  aridng  from  the  variations  which  the  ele£lricity 

of  the  earth'  undergoes,  as  well  with  refpedt  to  its  Ipecies 

as  to  its  intendty,  and  Mr.  Erman  is  at  p refen t  engaged  in  this 

fubject. 

The  different  With  refpc6I  to  the  variable  degree  of  the  podtive  divergence 

phenomena  of  Qf  an  jn{uJa{efl  point  fixed  in  the  earth,  it  may  perhaps  be  at- 

the  divergence  J  *  • 

of  an  infulated  tnbuted  to  the  greater  or  lefs  conducing  quality  ot  the  tur- 

pomt explained  rounding  air  :  the  point,  when  it  is  very  well  infulated  from 
by  the  fame  law.  .  n  ,  c  ~  .  .  .  . 

the  earth,  mows  a  certain  degree  ot  potitive  charge  when  the 
air  is  infulated  fo  that  electricity  cannot  be  communicated  to 
it ;  it  (hows  zero  when  the  conducing  power  of  the  air  is  near¬ 
ly  equal  to  the  rapidity  with  which  the  charge  is  made;  and 
negative  when  this  power  is  very  drong.  Thefe  phenomena 
are  thus  explained  by  the  tame  law. 

Probability  that  Mr.  Erman  has  alio  fuppofed  in  his  memoir  that  there  is  not 
ther^e  is  no  tree  any  quantity  of  electricity  difengaged  in  the  atmofphere  ;  but 
atmofpheie.  be  does  not  however  affert  that  this  is  driCtly  the  cafe  :  he  has 
only  fought  to  draw  the  attention  of  philofophers  to  this  fubjeCt, 
and  to  diow  that  thefe  phenomena  are  equally  well  explained 
bv  the  fphere  of  activity  of  the  electricity. 

Convenience  of  The  experiments  are  very  eafily  made,  and  the  electrometers 
the  mffruments.  j,e  ufes  are  very  portable ;  for  when  the  leaves  of  gold  are 
placed  on  one  fide  of  the  cylinder,  motion  cannot  occation 
any  accident.  With  refpeCt  to  the  Hick s,  they  may  be  made  of 

fever  at 
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feveral  pieces,  and  be  fcrewed  together  when  they  are  warded. 
Such  were  the  inftruments  Mr.  Erman  took  with  him  over 
veral  hundred  leagues ;  the  (tick  was  three  lines  in  diameter 
at  one  end,  and  one  line  at  the  other.  This  philofopher  does 
not  vet  know  what  may  be  the  influence  of  the  different  thick- 
nefs  of  the  conductor.  One  of  thefe  conductors  happened  to 
be  of  brafs,  the  other  of  fteel ;  it  did  not  appear  to  him  that 
(lie  difference  of  the  metal  occafioned  any  in  the  refults.  But 
lie  purpofes  making  new  enquiries  on  this  fubjedt. 

Mr.  Erman  offers  his  conclufions  with  great  diffidence:  he 
does  not  pretend  to  have  formed  a  new  theory,  but  only  to  (fate 
Ids  doubts  on  the  opinion  of  thofe  philofophers  who  have  attri¬ 
buted  the  phenomena  hitherto  obferved  to  a  difengaged  elec¬ 
tricity  in  the  atmofphere.  He  notices  feveral  other  intereding 
experiments  which  he  is  employed  in  making  upon  fmoke,  and 
particularly  on  eledtricity  in  a  vacuum.  We  (hall  haflen 
to  publifli  the  refults  of  them  as  foon  as  they  come  to  hand* 


IV. 

/  c  • 

t)ejc  ription  of  a  Cojnpenfation  Curb.  By  Mr.  James  Scott. 

To  Mr.  NICHOLSON. 

SIR, 

INCLOSED  I  fend  you  a  (ketch  of  an  inflrument  I  have  Introdu&ofy 

*  letter 

condrudted,  much  wanted  in  the  profeflion  of  watchmaking, 
for  the  purpofe  of  publifhing  in  your  Pbilofophical  Journal, 
which  I  prefume  will  be  of  much  benefit  to  the  public,  and 
at  the  lame  time  may  prevent  any  other  perfon  from  claiming  it. 

I  (hall  call  it  a  compenfation  curb.  The  condrudtion  of 
this  inlfrument  is  for  the  purpofe  of  expanding  and  contradting 
in  the  diderent  temperatures,  fo  as  to  counteract  the  error 
which  the  pendulum-fpring  is  liable  to  by  the  (mailed  variation 
of  heat  or  cold. 

The  inventions  that  have  hitherto  been  put  in  pradtice  for 
the  fame  purpofe,  I  beg  leave  to  make  a  few  remarks  on. — 

The  compound  balance,  when  carefully  made  and  adjuded, 
is  certainly  a  very  complete  counteracting  expantion,  and  will 
ankver  exceedingly  well  on  board  a  diip,  it  there  be  no  raa* 
teiial  difference  in  the  dendty  of  the  air ;  if  other  wife,  the  ba* 

C  2  lane* 


Description  of 
a  compensation 
curb. 


lance  being  loaded,  will  have  to  encounter  a  confiderable 
deal  more  liiction,  and  confequently  be  impeded  in  its  vibra¬ 
tions  :  it  worn  in  the  pocket,  it  is  alfo  liable  to  error,  as  ex* 
credo  will  alter  its  diameter.  The  compound  balance  lias 
heretotore  got  the  preference,  becaufe  artifts  have  not  been 
able  to  invent  a  compenfation  curb  adjuftable  to  the  exact  ex¬ 
panlion  required  (which,  by  many  experiments,  I  have  proved 
the  incioied  to  be  fully  competent  to)  ;  therefore,  the  plain  ba¬ 
lance  having  no  projections  on  the  furfaee,  mutt  certainly  have 
the  advantage.  As  I  am  not  in  the  habit  of  exprefling  my 
ideas  to  the  public,  I  hope  you  will  have  the  goodnefs  to  rec¬ 
tify  any  errors  in  the  ftile,  and  alio  curtail  any  part  which  may 
appear  unnecclfary  to  you. 

I  remain,  Sir, 

Your  much  obliged  humble  fervant, 

JAMES  SCOTT. 


39,  Grafton  Street,  Dublin. 


The  following  is  a  Defcriplion  of  the  Compenfation  Curb. 

The  fteel  index,  PI.  J /.  Fig.  2,  letter  A,  is  for  the  purpofe  of 
fupporting  the  curb,  which  is  faftened  by  a  ferew  and  fteady  pin 
at  R,  the  circle  of  w  hich  at  A  is  turned  with  a  dovetail,  as  (hewn 
at  H,  and  is  flit  fo  as  to  fnap  into  the  frame-plate,  by  which 
means  it  may  be  turned,  and  will  carry  the  curb,  fo  as  to  re¬ 
gulate  the  machine  in  the  common  way.  D  and  E  are  two 
circles  compoied  of  brafs  and  Reel  foldered  together,  the  out- 
fide  of  E  brafs  and  the  infide  fteel ;  but  the  outfide  of  D  is 
fteel  and  the  infide  brafs  ;  fo  that  the  one  circle  expands  when 
the  other  contrails;  by  which  means  the  afting  part  of  the 
curb  at  C  will  fliift  towards  the  index  with  heat,  and  prevent 
the  vibrations  being  flower,  which  the  expanlion  of  P,  the 
regulating  fpring  and  the  balance,  would  otherwife  occalion  ; 
and  on  the  contrary  with  cold,  it  will  fhift  its  pofition  nearer 
the  ffud  I,  which  the  regulating  fpring  is  pinned  to;  fo  that 
fet  it  receive  heat  or  cold,  the  acting  part  of  the  curb  at  C 
will  at  all  times  keep  the  regulating  fpring  the  exa£l  length, 
to  counteract  the  expanfion  of  the  balance  and  pendulum* 
ipring.  V  is  a  piece  of  fteel,  with  a  notch  cut  in  it  to  receive 
the  expanfton  circles  D  and  E.  F  is  a  ferew  for  fattening 
V  at  any  part  of  the  circles;  fo  that,  by  Roving  the  watch, 
5  y<,)U 
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you  will  immediately  afcertain  towards  what  part  of  fhe  circles  Pefcription  of  a 
you  mud  (hif’t  V.  If  you  find  its  rate  flow  with  heat,  you  corr,Penlau'jn 
muft  111 i 1 1  V  to  lengthen  your  circles,  and  it  fad,  the  contrary; 
and  by  marking  your  circles  each  time  you  have  occafion  to 
fliitt  V,  yon  will  be  enabled  to  adjud  the  curb  to  the  exaX 
expanlion  required.  W  is  a  loofe  piece  of  tied,  which  fits 
in  the  notch  of  V  between  the  two  expanfion  circles,  to  keep 
them  fad  in  their  proper  pofitions  when  fcrewed  by  F.  S  S 
are  two  fleady  pins  made  laft  in  the  frame-plate,  which  re¬ 
ceive  the  circle  E  between  them  to  prevent  the  aXion  of  P, 
the  regulating  fpring,  from  affecting  C,  the  curb,  by  moving 
it  to  or  from  the  center  during  the  going  of  the  watch.  The 
two  expanfion  circles  require  to  be  made  very  delicate;  it  is 
therefore  to  be  obferved  by  the  manufacturer  of  this  indrument, 
that  the  brafs  in  each  circle  is  to  be  the  thicknefs  of  the  deel ; 
fo  that  when  the  two  bodies  are  foldered  together,  they  will 
make  two  thickneffes  of  the  edge  of  a  main-fpring  of  a  watch. 

The  larger  your  watch  will  admit  the  diameter  of  the  curb, 
the  better.  It  mull  be  at  lead  the  fize  of  the  balance. 


V. 


Letter  from  Mr.  Boswell,  in  Anfvcer  to  An  Old  Corre¬ 
spondent. 


To  Mr.  NICHOLSON. 


SIR, 


April  10,  1805. 


1  HE  perfon  flgni ngyour  Old  Correfpnndenty  has  thrown  fome  Mr.  Bofwell 

very  undeferved  reflexions  on  my  lad  communication  in  your  'a,n,d‘cares  him" 
J  J  felt  from  oonn- 

Journal.  dence. 

In  anfwer  to  his  remarks,  I  beg  leave  to  obferve  that  the 
introduction  to  my  paper  contains  lufficient  to  judify  me  fully 
from  his  imputations. 

1  have  there  alferled  no  more  than  that  t(  I  have  difcovered 
*'  a  method  of  coming  lo  near  the  truth,  that  fhould  it  turn 
“  out  to  be  in  reality  not  fo  exad  as  appears  to  me,'  yet  it  pro- 
“  mifes  to  be  fo  uleful  for  common  computations  that  I  am 
induced  to  lend  it  for  publication,  if  you  approve  of  it.” 

I  know 
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His  methods 
were  listed  as 
rearly  approach* 
jpg  tjbetru 


Hone  of  the 
quadratures  of 
the  ciicle  are 
more  than  ap¬ 
proximations. 


I  know  not.  Sir,  how  I  could  have  written  in  any  way 
farther  from  “  announcing  my  difeovery  with  confidence’ 
than  the  above,  or  indeed  with  more  diffidence. 

n  the  firfi  place,  I  flate  it  only  as  a  near  approach  to  the 
exadr  truth,  which  both  your  and  his  criticifms  have  fully 
proved  it  to  be:  Jn  the  next  place,  1  exprefs  my  doubt  ot 
its  being  even  Ja  exafi  as  it  appears  to  me:  And  thirdly,  I 
have  left  its  publication  to  depend  on  your  approbation. 

If  this  is  not  enough  to  remove  all  fufpicion  of  confidence, 

I  have  to  add,  that  the  lenience  which  concludes  that  fubjedf 
in  the  paper,  flutes,  that  an  unperceived  error  might  arite 
from  the  fmallnefs  of  the  circles  which  I  ufed  ;  ami  belides 
this  you  can  teflifv  for  me,  that  I  vvifhed  the  paper  to  be  fup- 
prefled  altogether  before  publication,  when  )Ou  fhevved  me 
that  it  even  wanted  an  hundredth  part  of  being  exact,  though 
with  a  much  greater  inaccuracy  the  matter  contained  in  it 
would  be  ufeful  for  the  purpofes  lu  which  I  fialed  it  might 
fce  applied. 

As  to  the  proof  of  the  fecond  fa&,  it  was  not  from  the 
“  conviction  of  its  obvious  accuracy  not  requiring  proof” 
that  I  did  not  infert  any,  but  becaufe  I  concluded  it  mud  be 
fuflieiently  obvious  after  what  I  had  dated  of  the  firfi,  that  it 
was  the  fame  fort  of  experimental  proof  I  had  ufed  for  both  : 
And  if  any  gentleman  will  try  the  experiment  as  I  did,  h<? 
will  find  I  have  not  misdated  the  matter. 

There  may  indeed  be  fome  little  impropriety  in  ufing  the 
word  fuSt  in  a  popular  fenfe,  in  any  thing  like  a  mathema¬ 
tical  ftatement;  but  to  notice  fuch  a  trifle  with  inverted 
commas,  only  appears  to  indicate  a  fpirit  of  cavilling  on  the 
part  of  your  Old  Correfpondent. 

But  with  all  his  precifion  he  has  forgot  one  fact,  that  puts 
his  computations  more  on  a  level  with  my  experiments,  which 
is,  that  no  method  lias  ever  yel  been  dilcovered  of  computing 
with  ptrjcd  exact  nefs  the  relative  proportions  of  the  circum¬ 
ference  to  the  diameter,  and  of  courfe  to  the  other  lines  ho 
mentions;  and  that  it  is  only  a  far-laboured  approximation  to 
the  truth  that  has  been  infer  led  in  the  work  from  whence  he 
has  extracted  the  proportions  which  he  has  ufed;  and  that 
therefore  what  lie  has  “  announced  with  fo  much  confi- 
dente,”  (to  ufe  his  own  words)  is  not  precilely  demonftra- 
live  truth.,  but  only  an  approach  to  it, 

im 
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I  dicl  not  ever  intend  to  recommend  my  method  as  a  perfect  s  me" 

•  h  i  .  1-11  thods  have  prac- 

and  infallible  geometrical  problem  applicable  to  the  nioret'jcaj  utility. 

fnbJime  mathematical  (peculations,  but  as  a  more  ifady,  and, 
permit  me  to  add,  more  exa6t  wav  than  (hat  in  general  ule, 
for  the  humbler  purpofes  of  common  life,  fuch  as  mealtirmg 
round  timber,  conduit  pipes,  engine  cylinders,  &c. 

I  am.  Sic. 

J.  WHITLEY  BOSWELL. 


VI. 

;  ..  ;  ,  ..,0/  >*{«  •  i j i v 4.  .->#t  Lrt  :  '  .  >  « 

Defer  ipt  ion  of  an  improved  Gate  for  Fields.  By  Mr.  Charles 

Waistell  *. 

Dear  Sir, 

The  various  methods  ufed  in  bracing  common  gates  for 

fields,  prove  that  not  one  of  them  is  greatly  (uperior  to  the 

reft  ;  for,  if  it  was,  that  method  would  have  been  generally 

adopted.  Mo  ft  gates  are  loaded  with  fuperfluous  timber  in  Imperfeftions  of 

fome  of  their  parts,  and  are  conftrudted  upon  (uch  bad  princi- common  gdtes* 

pies,  that  they  are  frequently  broken  by  their  own  weight, 

aided  by  the  coticuftion  of  the  head  againft  the  falling-poft; 

and  this,  long  before  any  part  of  the  wood  has  begun  to  decay. 

I  have  for  fome  time  given  this  (ubjedt  confiderable  attention, 
being  imprefled  with  the  idea,  that  if  common  gates  could  be  Great  fiving  in 
conftructed  with  lefs  timber,  and  upon  better  principles,  the timber 
faving  of  timber  only  would  be  of‘ national  importance;  (or  cumberfome. 
we  have  many  millions  of  gates  to  uphold  in  Britain,  and 
their  numbers  are  annually  increafing.  The  refult  of  my  la¬ 
bours  has  been  the  plan  which  accompanies  this  letter.  Gates  New  plan» 
made  according  to  it,  po fiefs  great  ftrength,  are  very  light,  and 
of  eafy  and  fimple  conftruction.  Although  uniformity  of  ap¬ 
pearance  be  not  effential  in  a  common  gate,  yet  is  worth  having 
when  it  can  be  obtained,  as  in  this  gate,  without  additional 
expenfe. 

My  gate  is  made  with  fiiort, 
oak  or  afh  timber,  than  thofe  of 
i  is  much  greater  than  e 

*  Communicated  in  a  letter  to  Charles  Taylor,  Elq.  Secretary 
of  the  Society  of  Arts,  who  returned'  their  thanks  for  the  fame. 

VoLXXII,  lbOL 

quantity 


and  confequently  lefs  valuable.  Account  of  tlx 

the  commoneft  conftrudbon  ;  itsaulbar>b  im_ 

.  ...  »i  '  provxments. 

ny  other  gate  made  with  a  like 
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quantity  of  timber,  there  being  at  four  diftant  points  between 
the  head  and  the  heel,  two  bars  and  a  brace  eroding  each  other; 
and  I  doubt  not  that  it  will  be  found  proportionably  more  du¬ 
rable  :  it  is,  befides,  very  eafy  to  conttruCi,  and  requires  led. 
labour  than  mod  other  common  gates.  Twenty-nine  years  ago 
I  defigned  plans  for  ornamental  gates,  with  temi-oval  and  iemi- 
circular  braces,  and  had  them  executed  ;  the  plans  w'ere  fent 
to  my  friends  in  various  difiant  parts  of  this  kingdom,  as  alfo 
to  Ireland  ;  and  I  have  the  pleature  to  obferve,  that  they  are 
become  almoft  the  only  ornamental  gate  in  many  parts  of 
England.  The  plans  of  them  I  never  publifhed,  allhough  they 
were  prepared  for  engraving  fifteen  years  ago ;  and  I  thould 
be  as  indifferent  about  my  prefent  detign,  of  a  common  field 
gate,  if  I  did  not  conceive  that  its  publication  would  materially 
benefit  the  public;  the  introduction  of  this  form  being,  I  con¬ 
ceive,  of  fome  national  importance,  as  timber  has  been  lately 
greatly  enhanced  in  price,  and  is  rapidly  on  the  advance. 

This  gate  was  defigned  for  the  approach  to  a  country  refi- 
dence;  but  for  common  purpofes,  the  wicket  on  one  hand, 
and  the  fiiort  length  of  rails  on  the  other,  may  be  omitted.  I 
fiiall  thank  you,  if  you  will  have  the  goodnefs  to  lay  my  plan 
before  your  refpedable  Society,  of  which  1  have,  for  many 
years,  had  the  honour  to  be  a  member.  And  thould  this  plan 
be  approved  of,  I  may  probably  furnifh  fome  defigns  for  park 
gates  on  an  improved  confiruCiion. 

I  am.  Dear  Sir, 

Your  very  humble  Servant, 

CHARLES  WAISTELL. 

March  22,  1803. 

Mr.  Charles  Taylor. 

Reference  to  the  Engraving  of  Mr.  JV  a  fell’s  Gate . 

Dimensions.— (Plate  II.  Fig.l.) 

The  heel  of  the  gate  to  be  about  3f  inches  fquare. 

The  head  of  ditto  -  -  2\  by  3  inches. 

The  top  rail  or  bar  -  -  3|  by  \\  inches. 

The  bottom  bar  -  -  3|  by  1  £  inches. 

The  bar  in  the  middle  of  the  gate  3  by  1  ^  inches. 

The  other  bars,  and  the  4  braces  by  \\  inches. 

Obftrvatioiu 


Defcript’ion  and 

dimensions  of 
the  new  eon- 
ilrufted  field¬ 
er 
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Obfervations  on  its  Conjlru&ion. 

Tbc  head  and  heel  of  the  gate  may  be  of  oak,  and  the  bars  Defcription  and 
and  braces  of  fir.  Narrow  and  thick  bars,  when  braced  as  in  thc^n-lv  con^ 
this  defign,  are  ftronger  than  broad  and  thin  ones,  containing  ftru&ed  iidd- 
the  fame  quantity  of  timber,  and  they  alfo  oppofe  a  lels  furface  sate* 
to  the  wind.  The  two  points  in  the  heel  of  the  gate,  to  which 
the  thimbles  are  fattened,  may  be  coniidered  as  firm  or  fixed 
points.  From  thefe  points,  viz.  1  and  2,  two  braces  to  pro¬ 
ceed  to  4  and  3,  in  the  middle  of  the  bottom  and  top  bars,  and 
being  there  fecured,  thefe  become  fixed  points,  and  from  thefe 
two  points,  viz.  4  and  3,  two  braces  proceed  to  5  and  6, 
fixing  thofe  points.  The  gate  is  thus  doubly  braced,  viz.  from 
the  top  of  the  heel  to  the  top  of  the  head,  by  means  of  the 
braces  1,  4,  and  4,  5  ;  and  from  the  bottom  of  the  heel  to  the 
bottom  of  the  head,  by  means  of  the  braces  2,  3,  and  3,  6. 

On  each  fide  of  the  gate  are  two  braces,  and  thofe  parallel 
to  each  other.  The  brace  proceeding  from  the  bottom  of  the 
heel  of  the  gate,  and  that  which  is  parallel  to  it,  as  alfo  the 
bottom  bar,  are  all  drained  in  the  way  of  compretfion,  and 
the  brace  proceeding  from  the  top  of  the  heel,  and  the  other 
brace  which  is  parallel  to  it,  and  alfo  the  top  bar,  are  all  drain¬ 
ed  in  the  way  of  extenfion.  The  tirains  in  this  gate  being  none 
of  them  tranverfe,  but  all  longitudinal,  it  would  fupport  a 
vaft  weight  at  its  head  without  having  its  form  altered.  The 
braces  all  ferve  the  double  purpofe  of  keeping  die  gate  in  its 

* 

true  form,  and  of  Ihortening  the  bearings  of  the  bars,  and 
ttrengthening  them.  Few  gates  have  lefs  timber  in  their 
braces;  and  perhaps  in  no  other  way  can  a  gate  be  fo  firmly 
braced  w  ith  fo  fmall  a  quantity  of  timber* 

At  3,  4,  7,  and  8,  tw'o  braces  and  a  bar  of  the  gate  are 
firmly  fere  wed  together  by  means  of  iron  pins  and  ferew  nuts. 

At  the  other  points,  where  only  one  brace  croffesa  bar,  common 
gate-nails  are  ufed. 

If,  in  fome  cafes,  a  firong  top-bar  be  wanted,  to  redd  the 
preflure  of  heavy  cattle,  a  bar  or  board,  about  fix  inches  broad, 
and  one  inch  thick,  may  be  laid  with  its  broad  fide  upon  the 
top  bar,  and  fixed  thereto  by  means  of  the  ends  of  the  braces 
in  the  middle,  and  by  the  heel  and  head  of  the  gate  at  the  two 
ends  of  it.  This  board  will,  in  this  pofition,  refill  exa&ly  the 
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Hanging  of 
gates. 


Particular  de- 
fciiption  of  the 
method  of  hang 
ing  a  gate. 


fame  preiTure  as  a  thick  top  bar,  three  inches,  broad,  by  four 
inches  deep,  although  it  contain  no  more  than  half  the 
timber. 

In  the  ground  plan,  or  horizontal  feftion,  Fig.  7.  reprefents 
a  piece  of  wood,  about  four  inches  cube,  pinned  to  the 
falling  poft,  a  little  below'  the  catch,  to  Hop  the  gate  from 
twinging  beyond  the  poft  :  another  (lop  near  the  ground  inay 
be  ufeful. 

When  gates  are  hung  to  open  one  way  only,  their  heels  and 
heads  generally  reft  againft  the  hanging  and  tailing  pofts ; 
but  when  they  are  hung  according  to  this  defign,  gates  may  he 
made  about  one  foot  thorter  for  the  fame  opening,  and  confe-. 
quenlly  they  muft  be  lighter,  ftronger,  and  lefs  expentive. 

Of  the  hanging  of  Gates. 

When  the  two  hooks  in  the  hanging-poft  are  placed  in  the 
fame  perpendicular  line,  a  gate,  like  a  door,  wmII  reft  in  any 
dire&ion  in  which  it  may  be  placed.  Hut,  in  order  that  a  gate 
may  (hut  itfelf  when  thrown  open,  the  hooks  are  not  placed 
exactly  perpendicular;  the  upper  hook  declining  a  little  to¬ 
wards  the  falling-poft,  or  a  few  feet  beyond  it.  In  whatever 
direction  that  hook  declines  the  fartheft,  in  the  fame  direction 
will  the  gate  reft,  if  unobftru&ed,  and  its  head  cannot  then 
link  any  lower.  Make  the  head  defcribe  half  a  circle,  and  it 
will  thus  have  attained  its  utmoft  elevation,  and  will  be 
equally  inclined  to  defcend  either  to  the  right  or  to  the 
left  *. 

The  following  method  of  fixing  the  hooks  and  thimbles, 
will,  I  think,  be  found  to  anfvver  very  w^ell  for  a  gate  that  is  in¬ 
tended  to  open  only  one  way.  Suppofing  the  face  of  the  hang- 
ing-poft  to  be  fet  perpendicular,  and  the  upper  hook  driven  in 
near  its  inner  angle,  as  is  reprefenled  in  the  preceding  defign, 
and  that  the  lower  hook  muft  be  four  feet  and  a  half  below  it ; 
fufpend  a  plumb-line  from  the  upper  hook,  and  at  four  feet  and  a 
half  mark  the  poft;  then  at  one  inch  and  a  half  farther  from  the 
gateway  than  this  mark,  drive  in  the  lower  hook  ;  this  hook 
muft  project  about  half  an  inch  farther  from  the  face  of  the 
poft  than  the  upper  hook.  In  the  legion  or  ground-plan  of  the 

*  See  Chap.  II.  of  Mr.  Farkci’s  Eflay  on  the  Hanging  of 
Gates;  and  alfo  the  Agricultural  Report  for  Northumberland,  by 
Meffrs.  Bailey  and  Culley, 

gate. 
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X  te,  the  two  white  circles  near  the  hanging-poft  reprefent  Particular  de- 
ihe  places  of  the  two  hooks  when  brought  to  the  fame  hori- 
zontal  line ;  that  neareft  the  gateway  repretents  the  place  oi  ing  a  gate, 
the  upper  hook.  A  line  drawn  through  the  middle  of  thefe 
two  circles,  and  extended  each  way,  will,  on  one  hand,  re¬ 
prefent  the  gate's  natural  line  of  reft,  and,  on  the  other,  the 
line  of  its  higheft  elevation.  A  gate  thus  hung  will,  when 
throw’n  open  nearly  to  the  line  of  its  higheft  elevation,  return 
to  the  falling-poft  with  a  velocity  fufficient  to  reftft  a  mode¬ 
rately  ftrong  wind.  This  velocity  will  be  either  increafed  or 
diminilhed,  accordingly  as  the  upper  hook  declines  more  or 
Jefs  from  a  petition  perpendicular  to  the  lower  hook.  In  order 
to  adapt  the  thimbles  to  thefe  hooks; — as  the  lower  hook  is 
one  inch  and  a  half  farther  from  the  gateway  than  the  upper 
book,  the  lower  thimble  muft  have  its  eye  an  inch  and  a  half 
farther  from  the  heel  of  the  gate  than  the  eye  of  the  upper 
thimble,  in  order  that  the  bars  of  the  gate  may  be  in  a  hori¬ 
zontal  pofition  when  it  is  (hut.  And,  as  the  upper  hook  pro¬ 
jects  half  an  inch  lefs  from  the  banging-poft  than  the  lower 
hook,  the  upper  thimble  fhould  be  fixed  half  an  inch  nearer 
the  farther  fide  of  the  heel  of  the  gate  than  the  lower  thimble, 
in  order  that  the  gate  may  be  in  a  perpendicular  pofition  when 
fhut.  If  the  thimbles  have  ftraps  embracing  the  heel  of  the 
gate,  and  proceeding  a  few  inches  along  each  fide  of  the  bot¬ 
tom  and  top  bars,  and  if  they  are  fixed  to  the  heel  bars  and 
braces,  by  means  of  iron  pins  and  ferew  nuts,  great  firmnefs 
will  be  given  to  the  gate  at  thofe  two  points,  which  are  thofe 
that  fuffer  the  grealeft  drains. 

* To  this  communication  are  annexed  a  certificate  from 
Mr.  Edward  Simpfon  of  Wooden  Croft  Lodge,  near  Barnard 
Caftle,  in  favour  of  the  advantage  of  thefe  gates  in  laving  and 
durability;  and  alfo  a  letter  from  Mr.  T.  N.  Parker,  author 
oi  a  well-known  Treatife  on  the  hanging  of  Gates,  expreffing 
his  approbation  of  the  fame, 
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VII. 

Defer  ipt  ion  of  an  improved  Gun-Lock,  by  M  r.  George  Dodd.* 

Description  of  The  figures  in  Plate  I.  reprefent  Mr.  Dodd’s  improved 
g'inTock  'by  gun-lock  w illi  its  parts  in  their  feveral  filualions  and  portions, 
reference  to  the  The  fbaded  drawing,  Fig.  !.  reprefents  the  exterior  parts  of 
drawings.  the  lock;  and  Fig.  2.  reprefents  its  interior.  Fig.  6.  exhibits, 
in  perfpe£tive,  the  tumbler,  the  fear  and  the  lear  fpring  in 
the  pofition  of  whole  cock.  The  outline  plans  3,  4-  and  5 
fhew  the  feveral  pofitions  of  the  parts,  at  full  cock,  half  cock, 
and  immediately  after  the  difeharge.  The  tumbler  A  termi¬ 
nates  on  the  lower  fide  in  a  tail,  as  ufual;  upon  which  the  main 
fpring  a<fts :  but,  on  the  upper  or  oppolite  fide,  it  is  formed 
fo  as  to  have  two  notches  or  bents,  one  very  deep  for  the  half 
cock,  and  the  other  lhallower  for  the  whole  cock,  as  is  feen  in 
the  figures.  The  circle  a,  Fig.  3,  fuppofed  to  be  delcribed 
by  the  extremity  of  the  bearing  face  of  t he  tumbler  at  whole 
cock,  is  larger  than  that  through  which  the  extremity  of  the 
bearing  face  of  half  cock  pafi’es,  fee  Fig .  5.  and  the  center  of 
the  fear  B  is  placed  in  the  outer  of  thefe  two  circles,  having 
the  under  fide  of  its  nofe  falliioned  in  the  arc  of  the  circle  b  b, 
deferibed  by  the  motion  of  its  extremity.  The  bearing  furfaces 
of  the  bents  or  notches  of  half  and  of  whole  cock  are  made 
to  fit  this  face;  or,  in  other  words,  they  form  parts  of  the 
fame  circle,  when  refpe&i  vely  at  whole  or  half  cock.  D  is 
the  trigger,  fo  formed  and  placed  that,  at  whole  cock  it  trips 
or  draws  out  the  fear,  with  great  facility  and  quicknefs,  by  the 
a6tion  of  an  inner  Hope  or  face  lying  in  the  dire&ion  of  q  ra¬ 
dius  of  the  circle  it  deferibes;  (lee  Fig,  4.)  But  when  at  half 
cock.  Fig.  3,  its  action,  by  means  of  an  outer  Hope  or  furfacc 
(which  lies  intermediate  between  radii  drawn  from  the  centers 
of  the  fear  and  of  the  trigger  to  the  inner  point  of  their  con¬ 
tact)  is  fo  far  from  difeharging  the  motion,  that  it  tends  to  keep 
the  lear  more  firongly  in  its  place.  Thefe  actions  and  proper¬ 
ties  are  fufficiently  evident  from  the  figures. 

^numeration  of  The  advantages  of  this  lock  are,  J.  It  is  fully  as  fimple  in  its 
the  good  quail-  confiru&ion,  or  rather  morefo,  than  the  common  lock,  and  is 
"r  thl“  therefore  no  lefs  cheap  and  caly  to  be  cleaned  by  a  common 

*  From  the  Tiarfa&ions  of  the  Society  of  Arts  for  1801. 
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fo?  dier  or  workman :  (2.  It  is  difcharged  very  fpeedily,  and 
cannot  poffibly  cafch  or  hang  at  (he  half  cock  in  the  act  of  dif- 
charging:  3.  The  bearing  parts  at  half  cock  are  extremely 
Ilrong  and  cannot  mils  their  hold  or  be  thrown  out  of  taking 
by  any  accident.  In  particular  the  trigger  cannot  be  made  to 
remove  the  fear;  becaufe  its  a&ion  at  half  cock  is  in  the  con¬ 
trary  direction.  Hence  it  is  much  more  fimple  and  its  means  of 
falety  are  nearly  as  fecure  as  any  bolt,  that  is  to  fay  it  is  perfedtly 
effectual  as  far  as  regards  the  trigger;  though  it  does  not,  like 
lame  of  the  bolt  flops,  prevent  the  full  cock  being  made.  But 
on  the  other  hand,  as  the  inventor  remarks,  its  fecurity  in  no 
Tefpect  diminifhes  its  ready  ufe.  For  bolts,  exclufive  of  the 
additional  expence,  have  the  difadvantage  of  requiring  a  pre¬ 
vious  operation  before  the  piece  is  fit  for  fervice.  Few  people 
when  alarmed  have  the  prefence  of  mind  to  unbolt,  but  they 
inftantlv  attempt  to  cock.  Difappointment  tends  to  produce 
that  agitation  and  confufion  of  mind  which,  at  fuch  a  junfture, 
may  occalion  the  lofs  of  their  lives  from  opponents  who  are 
little  difpofed  to  fhew  mercy  to  an  enemy  from  whom  they 
had  no  reafon  to  expe61  any. 

Certificates  of  the  utility  and  novelty  of  this  invention,  from 
refpeclable  makers,  with  letters  of  approbation  from  the  Board 
of  Ordnance,  were  exhibited  to  the  Society  of  Arts;  and  it  is 
probable  that  this  apparatus  will  obtain  the  encouragement  it 
appears  to  deferve.  The  Society  expreffed  their  fentiments 
by  awarding  the  fdver  medal  with  the  fum  of  ten  guineas  to 
the  inventor. 


VIII. 

Invrjiigation  of  the  Properties  of  the  Lines  draun  in  a  Circle  by 
Mr.  Boswell  in  the  Tenth  Volume  of  this  Journal.  By  Mr. 
John  Gough, 

To  Mr.  NICHOLSON. 


S  I  R, 


MiddleJhaii'j  April  17,  1805. 


iHE  theorems  refpe<51ing  the  circle,  given  in  your  number  Proportions 

for  March  lad  by  the  ingenious  Mr.  Bofvvell,  will  undoubtedly  rc^;^ing  ^ 

j  o  j  circle#  s  &rcj  Sc c* 

prove  ufeful  to  the  srtift  and  pra&ical  philofopher.  On  this 

account 


so 


.LINES  IN  A  CIRCLE, 


Proportions 
ref'  e  fling  the 
circle’s  area,  tx 


account  they  ought  to  be  made  as  correct  as  poflible;  whic!» 
lias  not  been  as  yet  done,  either  by  Mr.  Bofwell,  or  by  his 
more  leienlific  commentator  in  your  number  for  the  pretent 
month.  This  declaration  in  a  manner  compels  me  to  under¬ 
take  the  following  inveftigation  of  the  fubjeCt,  in  which  I 
(hall  refer  to  Fig.  4.  Flute  XL  of  your  Journal  for  April,  re¬ 
fuelling  the  reader  to  place  the  letter  T  at  the  upper  extre¬ 
mity  of  the  vertical  diameter,  and  C  at  the  oppofite  end. 

Theorem  \jl.  Let  the  circle  IT  F  C  have  unity  for  its  dia¬ 
meter;  draw  the  diameters  IF,  T  C  at  right  angles  to  each 
other;  bifect  the  radius  TO  in  W;  join  I  W,  and  produce  it 
until  it  meets  the  circle  again  in  B :  thefe  things  being  done, 
the  fquare  upon  I  B  is  equal  to  .8000;  which  exceeds  .7854, 
or  the  common  exprefiion  for  the  area  IT  F  C  by  the  fraction 
•0 1 46. 

Demonjlration.  Put  the  radius  I  O  =  R  =  .5  ;  then  O  W 
=  iR;  lince  the  triangle  I  O  W  is  right  angled  at  O,  by  hy- 

pothefis,  IW4=  Ri-f'-R2  =  -— — ’  Euc.  47. 1.  Now|the 

4  4 

t 

triangles  O  I  W,  B  I  F  are  equiangular;  becaufe  the  angle  at 
I  is  common  to  both ;  and  the  angle  F  B  1  is  equal  to  W  O  I, 
being  right,  Euc.  31.  Ill ;  confequently,  as  W  I  :  I  O  :  :  I  F 

(=210):  IB;  hence  as  Wp(  =  ;  I  0 1  ( =  R a)  •’  ' 

1FI(=4R*):  IB*  but  RJ=.5;;;  therefore 

lbx  °5 

I  B-=- - — =  16X.05  =s  .S000,  But  .SOOO-.7S54  = 

5 


.0146.  Q.  E.  D. 

Lemma.  The  area  of  the  circle  I  T  F  C  is  equal  to  the  rect¬ 
angle  under  the  radius  O  I,  and  the  femi-circumference  I  T  F; 
for  this  area  is  equal  to  a  triangle  having  1  O  tor  its  altitude, 
and  the  whole  circumference  I  TFC  for  its  bale.  ( Archimi - 

des  dc  Circulo  Prop .  1  (I.) 

Theorem  2nd.  If  the  right  line  I  B  be  the  fide  of  a  fquare, 
which  is  equal  to  the  area  I  T  F  C  ;  and  B  G  be  drawn  per¬ 
pendicular  to  the  diameter  I  F ;  the  fegment  I  G  of  the  dia¬ 
meter  I  F,  cutoff  by  B  G,  is  equal  to  |  of  the  circumference 
ITFCor  the  arc  T  B  F. 

Demonjlration.  The  triangle  I  B  F  is  right  angled  at  B, 
31  E,  III.  and  B  G  is  perpendicular  to  IF  by  hypothecs 

therefore 


LINES  IN  A  CIRCLE. 


31 


therefore  the  rectangle  F  I,  I  G  =  I  B2,  8.  E, VI. ;  but  T  B2  —  Bropofitions 
the  rectangle  under  I  O  and  the  arc  IFF  by  lemma;  confe-  cfrdWarea^&c* 
quentlv  as  F  I  (—  2  I  O)  :  I  O  :  :  arc  I  T  F:  right.  line  I  G  * 

1  I  E.  VI.  hence  IG  =  |  the  arc  I  T  F,  =  the  arc  T  B  F, 

Q.  E.  D. 


Corollary  1.  If  I  G,  a  fegment  of  I  F  be  equal  to  the  arc 
T  B  F  ;  draw  G  B  perpendicular  to  I  F;  and  let  it  meet  the 
circle  in  B  ;  the  line  I  B  is  the  fide  of  a  fquare;  which  is  equal 
to  the  area  IT  F  C.  This  is  the  converfe  of  the  Theorem. 

Cor.  2.  If  any  angle  at  the  centre  of  the  circle  as  I  OB, 
be  given  in  parts  of  the  right  angle  T  O  F;  and  I  G  be  equal 
to  the  arc  T  B  F  ;  find  a  right  line  N ;  which  fhall  be  a  fourth 
proportional  to  the  angles  T  O  F,  I  O  B  and  the  right  line  I  G; 
this  line  N  is  equal  to  the  arc  IT  B;  and  a  mean  proportional 


betwfixt  I  O,  and 


is  the  fide  of  a  fquare  which  is  equal  to 


I 


the  area  I  O  B  I ;  join  I  B,  and  from  the  laft  mentioned  fquare 
take  the  trinangle  I  B  O  ;  the  remaining  magnitude  is  equal  to 
(he  circular  fegment  I  T  B. 

Cor.  3.  The  fquare  upon  B  F  is  equal  to  the  difference  of 
the  areas  of  the  circle  and  its  circumfcribing  fquare. 

Problem.  If  the  circumference  of  a  circle,  whofe  diameter 
is  unity  be  denoted  by  3.1416;  it  is  required  to  find  a  right  line 
which  (hall  approximate  very  nearly  to  ~  of  this  number,  or 
.7354. 

Conftruftion.  Draw  I  B,  as  in  Theorem  Iff,  and  make  B  G 
perpendicular  to  IF;  then  I  G  X  1  =  I  B,2  =  .8000 ;  confe- 
quently  I  G=  .8000,  which  is  greater  than  .7854.  Let  the 
reader  take  g  in  I  G,  fo  that  I  g  may  be  of  the  required  length  ; 
then  as 8000  :  7854  :  :  I G  :  I  g;  but  8000  is  to  7854  nearly  as 
55  to  54;  therefore  divide  IG  into  55  parts  and  Ig  will  be 
5  4  of  thefe  parts.  Draw  g  b  perpendicular  to  I  G  ;  join  I  b; 
and  the  fquare  upon  I  b  will  be  nearer  the  truth  than  that  upon 
IB.  If  a  more  complete  approximation  be  required,  it  may 
be  difeovered  by  the  method  given  in  the  ninth  Problem  of 
Emerfon’s  Arithmetic.  Q.  E.  F. 

It  is  the  bufinefs  of  the  practical  geometrician  to  determine 
the  value  of  thefe  propofitions  in  practical  geometry.  The 
ingenious  Mr.  Bofwell  confiders  the  firft  theorem  to  be  of 
utility  ;  for  which  reafpn  I  imagine  any  improvement  in  the 

difeovery 
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It!  ativifed  ex¬ 
periments  for 
the  culture  of 
hemp  in  India. 


Bcft  method  of 
promoting  its 
cultivation. 

Botan'c  garden 
at  Calcutta. 


difcovery  will  prove  acceptable  not  only  to  the  inventor,  but 
to  feveral  of  your  readers  who  are  arlifts  and  mechanical  ge¬ 
ometricians. 

JOHN  GOUGH. 


IX. 

On  the  Culture,  Properties,  and  comparative  Strength  of  llemp , 
and  other  Vegetable  Fibres,  the  Groivib.  of  the  F.ajl  Judies .  By 
Ur*  Willi  a  m  Roxburgh,  of  Calculi  a*. 

Dear  Sir, 

Your  letter  of  the  16th  of  May,  1799,  I  received  on  my 
return  to  Bengal  in  O&ober  laft  ;  but  that  from  the  Society 
efiabiilned  in  London,  for  the  Encouragement  of  Arts,  &c* 
of  which  you  are  a  member,  is  not  to  be  found. 

I  was  rather  lurprifed,  on  my  return  to  Bengal,  to  find  the 
diredors  had  fent  out  a  perfon  (Mr.  Sinclair)  to  eftablifh  the 
cultivation  of  hemp,  a  thing  I  had  begun  fome  time  before. 
Even  on  the  coaft  of  Coromandel,  ten  or  twelve  years  ago, 
I  made  a  inoft  fuccefsful  trial,  the  refult  of  which  was  laid 
before  that  government,  to  be  fent  to  the  Honourable  Court 
of  Directors ;  and  again  in  Bengal,  lince  my  appointment  to 
the  ftation  I  now  hold.  Mr.  Sinclair  is  dead,  and  the  ex¬ 
periment  is ftill carried  on  in  a  rood  expenfive  manner;  whereas- 
it  could  be  continued  where  it  was  firft  begun,  in  the  botanic 
garden,  at  no  expence,  and  with  more  profped  of  fuccefs. 
Should  government  continue  to  be  the  cultivator,  the  price 
will  be  enormous.  Eighty  pounds  weight  is  all,  I  believe, 
that  is  yet  forthcoming,  and  cofls  from  10,000  to  20,000 
rupees.  Such  experiments  throw  a  complete  check  in  the 

N 

way  oi  all  attempts  to  introduce  new,  or  improve  old,  brandies 
of  agriculture  and  commerce.  A  tmali  premium  fhould  be 
offered  to  the  natives,  and  honorary  rewards  to  Europeans, 
after  the  example  is  let  on  a  fmall  and  not  expenlive  feale. 

The  botanic  garden  was  at  fuft  made  very  large,  four  times 
more  than  was  necelfary  lor  fuch  a  garden,  the  intention  ol 


*  Communicated  to  the  Society  of  Aits,  1804. 
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which  was  merely  to  make  experiments,  and  to  invite  the 
natives  to  lee  and  profit  by  the  examples  in  hufbandry  carried 
on  there. 

A  quantity  of  my  bow-firing  flax  was,  I  underfiand,  fen t  Bow  firing  flax  s 
from  the  coafi  about  two  years  ago,  for  the  directors.  I  could  ^ g ** t a b ie* b r c • 
wifi]  to  know  what  was  done  with  it ;  for,  to  me,  it  feems  to 
be  the  firongeft  vegetable  fibre  we  are  acquainted  with. 

I  mean  to  fend  fome  by  the  January  fhips  from  hence,  through 
the  medium  of  this  government,  and  with  it  may  fall  into  your 
hands,  and  that  its  qualities  may  be  properly  examined  by  the 
Society  for  the  Encouragement  of  Arts.  I  am  really  forry 
that  the  letter,  inviting  me  to  become  an  honorary  correfpond- 
ing  member  of  that  Society,  fhould  have  been  loft.  I  beg 
you  will  allure  the  Society,  that  I  am  fenfible  of  the  honour 
they  have  done  me,  and  fhall  be  very  happy  to  have  it  in  my 
power  to  contribute  my  mite  to  promote  the  views  of  that 
laudable  infiitution. 

When  any  new  object,  promifing  to  become  ufeful  ill 
the  arts  or  manuladlures  of  our  country  is  difcovered,  and  re* 
ported  to  your  Society  (for  example,  the  bow-firing  flax,)  the 
Society  will  probably  addrefs  the  Court  of  Dire&ors,  and  re¬ 
commend  the  cultivation  and  importation  into  England  of  the 
commodity  ilfelf. 

Another  object,  of  more  national  importance,  which  I  re-  Excellent  quali- 
commended  to  this  government,  before  I  went  to  the  Cape,  ^  a'rsvs 
was  the  growth  of  one  of  the  mod  noble  of  the  palms,  the 
arrow,  mentioned  in  Marfden’s  Hifiory  of  Sumatra,  page  77, 
and  faid  to  yield  at  an  early  age  (from  five  to  feven  years,) 
fibres  ready  prepared  by  nature,  flexible,  firong,  and  m oft  for  its  fibres  $ 
durable,  and  the  mod  convenient  for  cables  and  cordage  of  all 
kinds,  that  can  be  defired.  It  alfo  yields  great  abundance  of  its  wine  j 
palm  wine,  which  can  be  converted  into  fugar  or  ardent 
fpirits  ;  and  when  the  tree  is  old,  its  pith  is  the  bails  of  the 
fago  we  fo  much  value.  I  have  diftributed  many  hundred  and  its  fago« 
plants,  and  have  ftill  a  great  number  in  the  garden  *,  belide 
many  thoufand  feeds  in  the  ground.  Drawings,  and  a  de- 
lcription  of  the  mod  valuable  tree,  were  fent  to  the  dire&ors, 
under  the  name  of  faguerus  rumphii ;  but  as  the  trees  from 
which  they  were  taken  have  advanced  in  fize  and  age,  a  new 

*  Feb.  1801.  About  100,000  plants  have  been  reared  in  this 
botanic  garden  fince  the  date  of  this  letter. 

Vol.  XI, — May,  18CD.  D 


fet 


34- 


ON  HEMP  AND 


Fxperiments  on 
hemp. 


Comparative  ex¬ 
amination  of 
vegetable  fibres. 


Neceffity  of  a 
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The  fun  plant  i 
Hjoft  promifing. 


fet  of  drawings,  and  a  new  defeription,  of  (he  old  one  cor¬ 
rected,  becomes  necellary.  They  will  be  lent  to  the  Directors 
this  feafon.  The  obje<5t  may  be  l'uch  as  your  Society  wifli  to 
attend  to;  and  on  that  account  1  have  ventured  to  trouble  you 
with  the  above  (latement, 

I  am,  dear  Sir, 

Your  mod  obedient  Servant, 

W.  Roxburgh. 

Calcutta,  Dec.  2i,  1799. 

Robert  Wiflfet,  Efq. 


Dear  Sir, 

MY  letter  of  the  2  Uh  of  December,  1799,  I  am  afraid,  has 
not  reached  you.  The  experiments  on  hemp,  therein  men¬ 
tioned,  have  not,  I  believe,  thrown  much  additional  light  on 
the  fubject.  My  friend,  Capt.  Burrow's,  of  the  Earl  Howe, 
has  done  more  to  make  our  own  indigenious  lpecies  (the%/>m 
of  the  Bengalele)  better  known,  than  any  other  perfon  I  am 
acquainted  with. 

For  thefe  Ialf  twelve  months  my  attention  has  been  much 
taken  up  in  collecting  and  comparing  the  various  vegetable 
fibres  of  Aha,  &c.  ufed  for  cordage,  cloths,  and  paper.  The 
refult  of  thefe  1  have  lately  prefented  to  the  fupreme  govern¬ 
ment,  to  be  lent  to  the  Hon.  (he  Court  of  Directors,  in  reply 
to  the  79th  paragraph  of  their  general  letter  of  the  7th  of  May 
laft.  This  paper  may  be  inlerefling  to  your  Society,  par¬ 
ticularly  at  this  time,  when  the  attention  of  all  good  patriots 
is  drawn  towards  the  difeovery  of  a  fubftitute  for  Ruffian  hemp. 
This  paper,  with  my  former  effiays,  contain  much  information 
on  the  lubjects  therein  mentioned, 
s  7’he  fun  of  the  Hindoos,  which  is  the  prepared  fibres  of 
the  bark  of  a  well-known  Indian  plant,  the  crotalaria  juncea 
of  Linnaeus,  (till  appears  to  me  to  be  the  molt  promifing  fub¬ 
ftitute  for  hemp  which  has  come  to  our  know  ledge ;  I  mean, 
when  every  circum fiance,  relative  to  its  quicknefs  of  grow'th, 
its  being  already  univerfally  known  and  cultivated  by  all  the 
rations  of  India,  its  low  price,  pliablenefs,  ftrength,  dura¬ 
bility,  &c.  Sec.  are  taken  into  confideration.  All  that  can 
be  necellary  for  the  procuring  and  tranfporling  to  England 
any  quantity  of  this  material,  is  to  enfure  the  cultivator  a 

certain 
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certain  price,  and  ready  market  for  the  commodity;  and  to 
have  it  properly  cleaned  and  packed,  to  render  the  freight 
as  low  and  convenient  as  poffible.  Cleaned  (amples  of  this 
very  fubftance  were  fent  b)  me,  fix  or  feven  years  ago,  to  the 
Directors;  fo  that  the  fault  is  not  mine,  if  it  is  not  already 
better  known  than  it  feems  to  be. 

The  dilcovery  of  a  fubditute  for  Ruffian  hemp  is  certainly  It  can  be  afiord - 
an  object  of  the  fird  magnitude.  If  fan  is  found  to  be  the  ed  at  a  real°na^is 
bed  lubftitute  yet  difcovered,  and  cods  in  India,  fay,  when 
properly  cleaned,  ten  pounds  per  ton,  and  the  freight  dxteen 
pounds,  there  will  dill  be  a  confiderable  profit  to  the  liter* 
chant,  particularly  in  times  of  war;  for,  I  believe,  it  rarely 
happens  that  hemp  fells  fo  low  in  London  as  thirty  pounds 
per  ton.  Should  the  fubject  appear  of  ConleqUence  tccyou,  I 
beg  you  will  call  the  attention  of  the  members  of  your  Society 
to  it. 

That  I  may  ndt  encroach  too  much  on  your  time,  I  will 
clofe  this  letter  by  referring  you  to  my  friend  Mr.  Bofwell, 
the  late  Marine  Storekeeper  and  Naval  Paymader,  for  any 
farther  information  you  may  want.  I  fend  this  package  by 
him.  Mr.  Babb,  late  a  Member  of  the  Board  of  Trade  here* 
can  alfo  give  you  much  information. 

I  am,  dear  Sir, 

Your  mod  obedient  Servant, 

W.  Roxburgh. 

Calcutta,  Feb.  27,  1  SO  1 . 

Robert  Wdfet  Efq. 


Obfervations  on  the  Culture ,  Properties ,  and  comparative  Strength 
of  Hemp ,  Sun,  Jute ,  and  other  Vegetable  Fibres,  the  Growth 
of  India ,  communicated  by  Dr.  Roxburg  h. 

HEMi1,  confidered  merely  as  an  article  of  trade,  is  an  Importance  of 

object  of  the  fil'd  importance  to  the  merchant  ;  but,  when  hemp  and  it* 

-i  a  -  •  /•  i  i  r  .  ,  very  extenlive 

we  reflect  on  its  various  ules,  and  oblerve  that  hardly  any  art  ufe  -ltl  f0cletj, 

can  be  carried  on  without  its  affidance,  or  of  fome  other 

fubditute;  the  obje&s  it  embraces  are  immenfe,  and  there 

are  few  that  better  defer ve  the  attention  of  the  philofopher 

or  intelligent  artid.  Cordage  makes  the  very  hnews  and 

mufcles  of  a  ffiip,  and  every  improvement  which  can  be  made 

m  its  preparation,  either  fn  refpecl  to  ftrength,  pliablenefs, 
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Its  cultivation  in 
our  colonics  in- 
titled  to  fupport 
and  encourage¬ 
ment. 


It  may  8c  very 
beneficially  pro¬ 
duced  in  India. 


The  Hindoos 
cultivate  it  only 
for  the  feed. 


Seafon  for  grow¬ 
ing. it. 


or  durability,  or  in  bringing  to  light  fubftitules  equally  good 
or  better,  particularly  where  hemp  itfeif  cannot  well  be  had, 
niufi  be  of  inimenfe  fervice,  particularly  to  the  mariner,  and 
to  the  commerce  and  the  defence  of  nations. 

The  cultivation  of  this  important  plant  in  our  colonies  has 
not  only,  at  all  times,  met  with  encouragement  from  the 
government,  but  alfo  of  late  from  the  Eafl-India  Company 
in  Bengal,  where  extenfive  experiments  were  begun  by  the 
late  Mr.  Sinclair,  and  after  his  death  carried  on  by  Thomas 
Douglas,  on  the  culture  of  hemp  and  flax,  on  account  of  the 
IdonourabLe  Company.  A  clear  and  impartial  flatement  of 
thefe  (rials  is  to  be  wi  filed  for,  as  it  will,  no  doubt,  throw 
much  light  on  the  cultivation  of  hemp  in  India,  and  enable  us 
to  proceed  with  greater  prof'pedts  of  (uccefs  than  ever. 

My  own  experiments  and  inquiries  on  the  fame  fubjedt, 
both  on  the  couu  of  Coromandel  and  Bengal,  have  been  many, 
though  not  extenfive.  Their  refult  leads  me  to  think,  that 
hemp  may  be  cultivated  to  great  advantage  over  the  interior 
parts  of  Bengal  and  Behar,  where  the  feed  fhould  be  fown 
about  the  beginning  of  the  periodical  rains,  or  earlier,  if  there 
have  been  frequent  (bowers,  on  elevated  foots  of  rich  loamy 
foil.  Inch  as  the  Ryots  cultivate  tobacco,  fun,  and  paat  on, 
near  their  habitations.  In  lituations  of  this  nature  it  thrives 
well,  and  will  be  eafily  attended  to.  At  firft,  feme  en¬ 
couragement  will  certainly  be  necefl'ary,  to  induce  the  Ryots 
to  undertake  this  new  branch  of  agriculture.  For,  although 
the  plant  is  perfectly  familiar  to  every  Hindoo,  yet  the  cultiva¬ 
tion  on  an  extenfive  fcaie,  for  the  fibres  of  its  bark,  is  perfectly 
unknown  to  them.  I  would  therefore  fugged,  that  they 
fliould  pay  no  rent  for  the  ground  fo  occupied  for  a  certain 
period  ;  that  feed  fhould  be  given  gratis;  that  they  fliould  be 
enlured  a  certain  price  for  the  hemp  ;  and  finally,  a  reward  or 
premium  to  the  perfon  or  perfons  who  produced  the  greateft 
quantity  of  the  belt  hemp  within  a  flated  period. 

In  many  parts  of  Bengal,  particularly  where  the  land  is  fo 
low  as  to  remain  humid  through  the  dry-weather  feafon,  hemp 
thrives  luxuriantly  during  the  cold  feafon;  but  the  water  is 
then  loo  cold  for  macerating  the  plants  to  the  grealefl  ad¬ 
vantage:  one  day  in  June,  July,  or  Augufl,  has  more  efTe£l 
in  loofening  the  bark,  than  eight  in  December,  January,  or 
February  ';  confequently,  the  prolonged  immerfion  injures  the 

’•  quality 


37 


OTHER  VEGETABLE  FIBRES. 

quality  of  the  hemp  much.  The  rainy  feafon  is  therefore 
preferable  for  the  cultivation  and  maceration,  even  ij  the 
plant  grew  better  during  the  cold,  which  is  by  no  means  the 
cafe,  particularly  on  lands  elevated  above  the  level  of  the 
annual  inundation  of  the  low  rice-fields.  We  mud  therefore  One  annual 
content  ourfelves  with  one  crop  in  the  year ;  for  it  is  a  very  only  can 
fulfe  notion,  and  a  very  prevailing  one,  that  the  fertile  fields 
of  Ada  produce  at  lead  two  crops  annually  ;  as  well  might 
we  fay,  that  the  fertile  lands  of  England  yield  at  lead  two, 
becaufe  a  well-managed  garden,  near  London,  or  fume  other 
large  city,  will  produce  repeated  crops  in  the  year :  fo  in 
India,  by  great  care  and  indudry,  a  fpot  here  and  there  will 
produce  two  or  more  crops.  The  burning  heats  of  Ada, 
while  they  lad,  are  as  unfavourable  for  vegetation,  as  the 
frods  of  winter  in  Europe. 

Beddes  hemp  and  flax,  the  vegetable  kingdom,  particularly  Other  vegetable* 

particularly  the 
columniferae,  fit 

in  plants  which  produce  materials  fit  for  cloths,  paper,  and  for  the  utes  of 
cordage:  almod  every  nation  or  country  pofletfes  fomething  of  hemp, 
the  kind  peculiar  to  itfelf.  To  afeertain  what  thefe  are,  as 
well  as  to  find  out  new  ones,  to  try  their  comparative  drengtb, 
durability,  texture,  &c.  lias,  at  various  leifure  hours,  em¬ 
ployed  my  attention  for  many  years  pad.  Drawings  and 
deferiptions  of  many  of  them  have  been  already  laid  be¬ 
fore  the  honourable  Court  of  Dire&ors.  There  are,  how¬ 
ever,  fome  others  which  remain  to  be  brought  under  view 
and  compared  with  the  kinds  we  are  bed  acquainted  with, 
which  I  have  attempted  in  the  following  experiments.  Many 
other  forts  are  alio  mentioned  by  various  authors  and  travellers, 
of  which  I  know  nothing  more  than  the  names.  'Tvvo  of 
fliefe  are  mentioned  by  Marfden,  at  pages  7 5  and  7 6  of  his 
hiftory  of  Sumatra.  Others  are  peculiar  to  Pegu,  &c.  &c. 

Thefe  I  muft  omit  for  the  prefent,  and  confine  rnyfelf  to  fuch  Defcriptive out- 
as  I  am  more  intimately  acquainted  with.  The  better  (0,ln<^otthe 

II  ,  .  .  .  .  .  ,  .  ,  .  ,  .  author’s  expen- 

enable  me  to  proceed  in  this  inquiry,  i  have  cultivated,  in  the  ments  on  various 

Botanic  Garden  at  Calcutta,  many  of  the  plants  themfelves  P]?nts  for  cord~ 
which  produce  the  materials  hereafter  mentioned  ;  prepared  Preparation  of 
their  fibres  in  general  by  maceration,  & c.  as  with  hemp  and  the  fibres, 
flax  in  Europe.  And,  to  compare  their  drength  (plain,  tan¬ 
ned,  and  tarred,)  Lad  then  made  into  cords,  compofed  of  three 
fimple  yarns,  as  nearly  of  the  fame  fize  and  hardnefs  as  a 
5  Hindoo 


that  natural  divifion  called  by  Linnaeus,  Columnifera?.,  abounds 
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Cordage  manu¬ 
factured, 


apd  tried  in  the 
white,  and  alfo 
tanned  and 
tarred. 


Tanning 
itrengthens  ani¬ 
mal  fibres,  but 
<juere  vegetable 


Hindoo  rope-maker  could  make  (hem  ;  but,  in  fpite  of  my  uf* 
moft  care,  they  were  always  too  hard  twilled  to  be  of  the 
greateft  poffible  (Ircngth  *.  Of  each  fort  there  were  fix,  when 
there  was  a  fufficient  quantity  of  the  fibre*;.  Three  of  them 
were  about  the  fize  of  a  log-line,  and  three  a  fize  larger  than 
a  whip-cord  ;  one  of  each  fize  and  (ort  was  kept  white:  the 
average  nutpber  of  pounds  which  broke  them,  (for  repeated 
trials  were  made,  and  always  with  lengths  of  exadlly  lour 
feet),  yvill  be  found  in  the  firfl  and  feeond  columns  on  the 
right.  One  of  each  was  tanned  +  with  the  aliringent  fruit 
called  guub  by  the  Bengalefe,  (Embryopteres  Glutinifera, 
Roxb.  Coromandel  Plants,  Vol.  I,  No.  70.)  Their  flrength 
is  reprefented  in  the  third  and  fourth  columns  of  the  following 
table.  And,  laPly,  one  of  each  fort  was  tarred  :  their  re- 
fpedlive  flrengths  will  be  found  in  the  fifth  and  fixth  columns. 
We.  know  the  tanning  principle  flrengthens  the  fibres  of 
leather,  (animal  fibres  )  but  are  not  fo  clear  that  its  operation 
foil  vegetable  matter  is  uniformly  the  fame.  The  attention  bc- 
flowed  to  afeertain  this  point  in  thefe  experiments  will,  at  leaf! 
throw  feme  light  on  the  tubjedl;  and  may  induce  others,  better 
qualified,  to  extend  the  inquiry  (here  in  India),  where  tanning 
materials  abound. 


*  The  experiments  of  Reaumur,  Sir  Charles  Knowles,  and  Du 
Hamel,  unifojmly  prove,  that  when  hunp-rope  is  twilled  to  the 
ul'ual  hardnefs,  which  is  that  which  brings  them  to  two-thirds  of 
the  length  of  their  refpe&ivc  yarns,  their  flrength  is  lefiened  by 
nearly  one-fourth,  when  compaied  with  ropes  confiding  of  the  fame 
number  of  the  fame  yarns  twilled  up  to  only  three-fourths  of  their 
length.  There  will  he  no  difficulty  in  accounting  for  this  differ- 
ence,  if  we  confider  that  a  fkein  of  fibres  m3y  be  twilled  fo  very 
haid,  as  to  break  with  any  attempt  to  twill  it  harder.  In  this  (late 
the  fibres  are  already  liiained  to  the  utmoll,  and  cannot  fupport  any 
weight  or  additional  drain. 

+  The  idea  of  tanning  cordage  is  far  from  being  new;  for  the 
fifhermen  of  Afia,  a.'  well  as  of  Europe,  not  only  tan  their  nets  and 
lines,  hut  alfo  their  fails,  to  give  them  additional  ftrength  and  du¬ 
rability.  The  fame  procefs  might  be  produ6!ive  of  the  fame  effefls, 
if  employed  on  cordage  made  of  the  materials  (No.  2,  5,  6,  7,  8, 
and  15),  fpecifitd  in  thefe  experiments,  which  induced  me  to  re¬ 
commend  its  being  tried  with  fun  cordage,  in  my  letter  to  the 
}joa:d  of  Trade,  in  Auguft,  1797. 


Anolhep 
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Another  point  of  the  utmod  importance  to  be  afcertained  is  Whether  tan 

whether  tanned  ropes  will  be  prefervecl  by  the  tan,  with  which  ^^Prc^erve  wct 

they  are  impregnated,  when  (lowed  away  wet;  as  tarred  ropes 

are  prefer ved  by  the  tar  when  fo  circurn danced.  It  is  never- 

thelefs  a  well-known  fact,  that  tarred  cordage,  when  new,  is  Tar  does  not 

weaker  than  white;  and  that  the  difference  increafes  by  keep-  ftrenglhen  cord- 

J  r  age;  but  the 

mg.  i  ar  can  therefore  only  be  employed  to  preserve  cordage,  contrary, 
and  not  to  (Lengthen  it ;  lo  that  if  tan  will  add  llrength,  or 
Cven  not  weaken  vegetable  fibres,  and  at  the  fame  time  pre¬ 
fer  ve  them  ;  of  how  great  advantage  to  the  nation  would  the 
difcovery  of  a  convenient  practicable  procefs  be.  For  all 
cordage,  expofed  to  be  alternately  very  wet  or  dry,  requires 
to  be  impregnated  with  a  prefervative.  And,  to  conclude  this  Tar  not  pro¬ 
long  note,  I  beg  leave  to  obferve,  that  tar  is  not  the  produce  in  troP‘ca 
oi  the  warmer  parts  of  Ada.  Are  we,  therefore,  to  conclude, 
that  no  material,  the  produce  of  thefe  parts,  can  be  applied 
for  the  fame  end?  Let  us  not  entertain  any  fuch  idea.  Nature 
is  abundantly  kind,  and  furnilhes  every  country  and  climate 
with  what  is  mod  proper  for  the  ufe  of  its  inhabitants. 

The  annexed  datement  of  the  experiments  made  on  the  Statement  of 

fubdances  there  fpecified,  can  only  be  deemed  an  attempt  e/tpenn^ents  011 
.  .  *  .  .  J  1  the  cordage, 

towards  alcertaining  their  relative  drength  ;  and  though  they 

are  the  average  refult  of  feveral  trials  made  on  the  drength  of 

each  cord,  plain,  tanned,  and  tarred,  yet  I  mud  acknowledge 

they  cannot  be  deemed  any  thing  more  than  a  fird  ed'ay,  chiefly  1 

owing  to  the  lines  being  in  general  ill  laid,  tome  more  and  fome 

lefs  twided,  and  by  no  means  to  be  compared  with  thofe  of 

Lurope.  For  in  fome  indances,  I  found  a  fmall  one  fudain 

a  greater  weight  than  a  much  larger,  made  exactly  of  the  fame 

materials.  It  is  therefore  my  intention  to  repeat  them  on  a 

larger  fcale,  and,  if  podible,  with  better  made  lines;  for 

every  thing  depends  on  their  being  exactly  of  the  famefize  and 

degree  of  twid. 
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ON  HEM  ?  ANI> 


I)oo  3nd  Coir. 


Kow-ftiing  fibre* 


New  Zealand 
hemp. 


The  cords,  when  (he  trials  were  made,  had  been  kept  about 
fix  months  after  they  were  prepared,  chiefly  with  the  view  of 
allowing  the  effh<51s  of  the  tan  and  tar  to  take  place.  The  re- 
fult  of  thefe  experiments  (how,  that  tan  has  in  general  added 
firength,  vvhiie  tar  has  had  a  contrary  efiecV;  and  in  no  infiance 
is  this  more  clearly  evinced,  that  in  the  common  hemp  (Can¬ 
nabis)  cultivated  in  Bengal. 

To  Ejoo  and  Coir,  neither  tan  nor  tar  feem  applicable;  and 
in  feveral  of  the  other  experiments,  I  had  not  a  fufticient 
quantity  of  the  materials  to  make  the  neceflary  number  of 
cords,  vrz.  fix  of  each  lort,  to  try  with  tan  and  tar,  as  well 
as  in  their  natural  date.  At  fome  future  period,  I  hope  to  be 
more  fortunate  in  procuring  larger  fupplies  of  the  materials, 
and  alfo  to  add  fome  other  other  forts,  fuch  as  the — 

Rajemahl  bow-firing  fibre,  the  produce  of  a  new  lpecies  of 
Afclepias,  difeovered  by  William  Roxburgh,  junior,  amongfi 
the  Rajemahl  Hills ; 

New  Zealand  Hemp  ; 

Hitbilcus  Cannabinus,  and  fome  other  of  the  fame  natural 
order  (Columni ferae)  ;  (for  in  general  their  barks  abound  w  ith 
firong  fibres ;  witnefs  the  foregoing  table,  where  fix  of  then; 


are  to  be  found) ; 

The  leaves  of  a  new  fpecies  of  Andropogon,  &c.  &c. 


APPENDIX, 

Containing  Remarks  on  fame  of  the  Plants  mentioned  in  the  fore¬ 
going  Table. 

Remarks  on  No.  *2.  Hemp,  or  Cannabis  Sativa. — Banga,  in  Sanfcrit; 

Runga,  Bungh,  or  Bung,  of  the  Hindoos ;  Bang,  of  the 
Peril  a  ns ;  Kinnub,  of  the  Arabians,  is  no  doubt  our  own 
famous  plant,  now  fo  common  and  ufeful  in  Europe.  I  have 
at  different  times  examined  various  figures  and  deferiplions, 
as  well  as  the  plants  reared  from  Europe  feed,  comparing  them 
with  our  Indian  plant  through  its  various  fiages,  and  can  dih 
cover  no  difference  whatever,  not  even  to  found  a  variety  on. 
Perhaps  few  vegetables,  fo  widely  diffufed  over  almoft  every 
part  of  the  known  world,  and  under  the  immediate  manage- 
It  is  well  known  men t  of  man,  have  undergone  lefs  change.  It  is  perfe&ly 
fo/its  fibres ;  familiar  to  all  tliQ  nations  of  India,  I  may  lay  of  all  the  warmef 

parts 
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/ 


parts  of  Afia  ;  yet  I  cannot  difcover  that  the  fibres  of  the  bark 
have  ever  been  employed  for  any  pnrpofe.  It  is  cultivated  in 
(mall  quantities  every  where,  on  account  of  its  narcotic  qua¬ 
lities. — The  leaves  of  the  male  plant,  and  flowers  of  the  female, 
ore  the  parts  in  moil  general  ufe. 

I  have  repeatedly  applied  for  the  feeds  of  all  plants  reared  nor  in  China^ 
in  China,  and  other  countries  to  the  Eaflward  of  the  Bay  of 
Bengal,  as  well  as  to  almofl  every  other  part  of  India  we  have 
any  communication  with,  for  an  account  of  the  plants  em¬ 
ployed  to  fupply  materials  for  clothes  and  cordage,  and  for 
their  feeds;  but  could  never  learn  that  Cannabis  was  one  of 


them  ;  nor  were  its  feeds  ever  fent  to  me  as  fuch. 

No.  4.  The  great  ftrength  of  this  fubftance  makes  it  a  very  Ejoo;  very 
defirable  objeft.  For  a  defcription  and  drawing  of  the  tree 
I  refer  to  thofe  *  which  accompanied  my  letter  to  the  Moll 
Noble  the  Governor-General  in  Council,  under  date  the  2d  of 
January,  1800.  The  fibres  employed  in  thefe  experiments 
were  taken  from  trees  growing  in  the  Botanic  Garden  at  Cal¬ 
cutta,  where  they  thrive  well.  I  could  obferve,  during  the 
trials  made  in  breaking  the  cords  of  this  fubftance,  that  they 
were  not  fo  elaftic  as  thofe  of  Coir,  which  will  probably 
render  it  lefs  fit  for  cables,  but  better  for  many  other  ufes. 

Coir  is  certainly  the  very  beft  material  yet  known  for  cables, 
on  account  of  its  great  elasticity  and  flrenglh. 

iy^y.  5,  6,  7,  8,  and  9.  Thefe  four  plants  have  already  Other  plants : 
been  figured  and  defcribed  by  me,  in  a  memoir  fent  through 
the  Governor-General  in  Council,  to  the  Hon.  the  Court  of 
Directors,  in  December,  1795.  Since  writing  that  paper,  I 
have  learned,  that  fun  (Crotolaria  Juncea)  is  almofl  univerfallv  They*#  or  cro- 
em ployed,  over  the  warmer  parts  of  Afia,  lor  cordage.  Onto!aria  juncea’ 
the  Malabar  coafl,  I  find  it  is  generally  named  by  the  gentle¬ 
men  at  Bombay  after  the  province  where  reared.  It  is  ufed  in 
that  place  for  lacing  their  cotton  bales,  on  account  of  its  great 
ftrength.  Samples  of  three  forts,  viz.  Mai  wan,  Rajapore, 
and  Salfette,  were  fent  to  me,  from  them,  by  Dr.  William 
Hunter;  and  am  induced  to  think,  little  or  no  maceration  is 


*  A  former  fet,  No.  117.9,  fent  in  to  Government  on  the  23d 
of  November,  1797,  were  not  fo  correft  as  could  he  wiflied,  on 
account  of  their  having  been  taken  from  young  trees,  juft  corning 
into  bloflbm  the  firft  time. 

employed 
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ON  HEMP  AND 


Pan  ilia  of  the 
Beugalefe  $ 


I 


beautiful  but 
weak  fibres. 


Flax  cultivated 
in  India  for  its 
feeds  only. 


employed  in  faking  the  bark  from  the  fhdks  °r  in  cleaning  the 
fibres,  which  may  add  to  its  ftrength:  for  certainly  maceration, 
particularly  if  long  continued,  mud  weaken  frefli  vegetable 
fibres  confiderably.  The  fame  gentleman  fent  me  feeds  of  the 
Sallette  fort:  they  have  produced  plants  now  in  blofTbm, 
and  from  them  have  afeertamed  the  identity  of  this  fpecies. 

In  fome  parts  of  Bengal,  a  mod  luxuriant  variety  is  culti¬ 
vated  immediately  after  the  rains,  which  often  grows  to  the 
height  of  twelve  or  fourteen  feet  ;  while  the  common  fort  is 
generally  reared  in  Bengal  during  the  early  part  of  the 
wet  feafon,  and  grows  to  only  about  half  the  height  of  the 
former. 

I  mud  farther  obferve,  that  the  fibres  of  No.  5,  poffefs  great 
drength,  and  it  feems  tome  to  be  one  of  the  mod  fit  of  any  of 
our  Indian  produdlions  for  cables  and  cordage.  The  plant 
grows  generally  to  the  height  of  from  fix  to  ten  feet,  the  fibres 
long,  but  hardier  than  thole  of  hemp,  if  not  cut  ut  an  early 
period.  It  is  very  generally  cultivated  about  Calcutta  during 
the  rains.  An  acre  yields  of  the  half-cleaned  fubftance  (the 
date  in  which  the  natives  carry  it  to  market),  about  600  lbs. 
weight,  and  fells  for  about  a  rupee  and  a  quarter  per  maund  of 


30  lbs. 

No.  6.  By  cutting  No.  5,  the  lad-menf ioned  plant,  when 
beginning  to  blolfom,  we  have  the  mod  beautiful  diining  white 
fibres  that  can  well  be  conceived,  but  (by  my  experiments) 
greatly  weaker  that  when  the  feed  is  differed  to  be  nearly  ripe 
before  the  plants  are  cut. 

No.  10.  Flax,  the  plant,  is  very  generally  cultivated  during 
the  cold  feafon,  over  the  interior  parts  of  Bengal  and  Behar, 
merely  for  the  feeds,  from  which  oil  is  obtained.  The  dax 
ilfelf  the  Hindoos  fet  no  value  on  ;  for,  alter  they  have  ga¬ 
thered  the  leed,  they  throw  away  the  dalks  as  ufelefs,  having 
no  knowledge  of  the  fibres  which  their  bark  yields.  Samples 
of  the  flax  have  repeatedly  been  procured  by  the  Board  of 
Trade,  and  fent  to  England  to  the  Hon.  Court  of  Directors; 
fo  that  it  is  from  England  we  may  expetf  to  learn  its  properties. 
If  the  flax  has  been  found  good,  large  quantities  mav  be  reared 
at  a  fmall  expenfe  ;  as  the  feed  alone,  which  the  crop  yields, 
mud  be  more  than  equal  to  the  charges,  to  render  it  profitable 
to  the  farmer. 


o. 
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A o.  1  1.  This  Agava  is  of  flow  growth;  on  that  account  I  Agiva  Ameri- 
doubt  it  ever  it  can  be  advantageoufly  cultivated  ;  but,  where  cr^t,  0^®e 
found  wild  in  plenty,  it  may  be  manufactured  at  a  trifling  ex- 
penfe.  Its  great  ftrength  renders  it  an  objedt  worthy  of  atten¬ 
tion.  The  fibres  are  coaife,  consequently  rope  made  of  them 
harfh  to  the  feel. 

A  o.  12.  Drawings,  and  a  deferiplion  of  the  plant  Aletris  Aletris  nervofus* 
Nervol  us  Roxb.  the  method  of  extracting  the  fibres,  with  a 
quantity  of  the  fubftance  itfelf,  were  fent  to  the  Hon.  the 
Court  of  Directors,  through  the  Madras  Government,  above 
ten  years  paft.  1  alio  gave  a  large  quantity  to  Mr.  Bebb,  when 
he  left  Bengal  in  January,  1800,  to  take  to  England  with  him 
for  trial  there.  The  plant  grows  fully  as  well,  and  is  as  com¬ 
mon  as  on  the  Coromandel  coafi.  There  has  lately  been  about 
a  biggah  (third  of  an  acre)  planted  out  with  it  in  the  Botanic 
garden,  the  better  to  determine  the  expenfe,  and  the  annual 
produce  of  any  given  quantity  of  ground. 

Aa o.  13.  This  plant,  a  native  of  various  parts  of  India,  New  Abroma  au- 
South  Wales,  Philippine  Iflands,  &c.  has  been  long  known  togufta> 
botanifis ;  yet  I  cannot,  with  all  the  attention  that  I  have  been 
able  to  beftovv  on  the  fubjeCt,  find  that  the  fibres,  to  abun¬ 
dantly  interwoven  through  its  bark,  have  ever  been  ufed  or 
even  taken  notice  of  by  any  other  perfon  ;  fo  that  I  think  we 
may  look  upon  it  as  a  new  difeovery,  deferving  of  more  than  very  pronafing. 
common  attention,  on  account  of  the  beauty,  finenefs,  and 
ltrength  of  thefe  fibres. 

It  is  perennial,  grows  luxuriantly  in  the  Botanic  garden,  and  Its  growth, 
has  been  cut  down  twice  within  thefe  fix  or  feven  months ;  fo 
that  I  think  it  will,  at  lead,  annually  afford  two  or  three  crops 
of  fhoots  fit  for  yielding  this  fubftance*  My  experience  does 
not  yet  enable  me  to  fate  how  much  may  be  the  yearly  produce 
of  an  acre,  but  can  venture  to  prognofticate  as  large  a  produce  as 
can  be  obtained  from  an  acreof  Dancha,  j ute,  Sun,  Hemp  or  Flax. 

To  render  this  bark  feparable  from  the  half-ligneous  (hoots  it  Treatment  to 
covers,  to  (often  its  external  lamina,  or  epidermes,  and  theobUintiie 
parenchymatous  fubfiance  which  firmly  conneCis  the  fibres  in 
their  natural  frate,  maceration  in  ffagnant  water  for  from  tour 
to  eight  days,  during  the  warmer  parts  of  the  year,  anfwers 
well  wbilfi  three  times  as  many  days  are  fcarce  fufficient  during 
the  cold  feafon  ;  indeed,  the  procefsis  Icarcely  practicable  then; 
befides,  the  fibres  are  greatly  weakened  by  the  length  of  the 
maceration. 

Immediately 


ON  HUMP  AND 


Immediately  On  being  taken  out  of  the  watef,  and  while! 
wet,  the  (hoots  are  fingly  taken  in  the  hand,  rubbed  with 
Tome  coarie  materials,  fuch  as  a  little  dry  grafs  or  gunny,  to 
remove  the  exterior  pulpy  lamina  or  epidermis  of  the  bark, 
which  is  defiitute  of  fibres.  This  part  of  the  procefs  is  eafily 
effected  ;  and  when  done,  the  clean  (boots  are  to  be  made  up 
into  fmall  bundles,  and  placed  under  weights,  or  fome  other 
equal  preffure,  to  keep  (hem  firm  at  the  middle  and  top,  either 
under  the  furfate  of  the  waters,  or  out  of  it ;  the  fibrous  bark 
is  then  feparated  with  the  fingers  from  a  fmall  portion  at  the 
end  of  the  ligneous  fiioot  or  fialk,  which  the  operator  takes 
hold  of,  and  draws  out  one  by  one  ;  when  thefe  are  removed, 
the  pulp,  or  parenchyma,  which  fills  the  interfiices  between  the 
fibres,  and  conne<5ts  them  together,  forming  in  the  living  plant 
that  part  of  the  bark  which  may  be  called  its  inner  lamina,  or 
cellular  tiffue,  is  immediately  Watlied  out  in  cold  water,  and 
the  clean  fibres  fpread  out  in  the  fun  to  dry.  Such  was  the 
fimple  procefs  bv  which  this  fubfiance  (which  may  very  properly 
be  called  Indian  Hemp  or  Flax)  was  prepared. 

I  have  now  under  cultivation  about  the  third  of  an  acre  (a 
biggah)  of  ground  in  the  Botanic  garden  with  this  plant;  the 
refult  (ball  be  carefully  noted  from  time  to  time.  It  might  have 
been  prudent  to  iiave  withheld  this  account  until  that  time; 
but  the  firong  defire  of  making  known  a  difeovery,  which  may 
in  a  (hurt  time  become  beneficial  to  the  public,  induces  me  to 
be  thus  precipitate. 

For  a  farther  account  of  this  plant,  I  beg  leave  to  refer  to  my 
drawing  and  description  thereof,  fent  to  the  Hon.  the  Court  of 
Dire&ors  tome  years  ago,  and  numbered  415. 

W.  ROXBURGH. 

Botanic  Garden,  near  Calcutta , 

Jan.  31,  1301. 

Additional  Experiments  on  the  Strength  of  Sun,  (No.  VII.  Jh 

Additional  ex-  Some  tanned  fail-twine,  made  of  this  lubfiance  four  \cars 

periment*  on  the  ag0>  for  the  infpe<5Ii0n  of  the  Marine  Board,  was  made  into  a 

Urcugth  of  fun.  1 

cord  of  three  nrands ;  each  of  the  flrands  compofed  of  four 
threads  of  the  fail-twine. 

Some  more  of  the  fame  fail-twine,  tanned  twelve  months 
ago,  was  made  into  a  limilar  cord,  and  another  was  made  of  the 
white  unprepared  twine. 
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The  fird,  which  had  been  tanned  four  years,  broke  with  1 10 
lbs.  when  dry,  and  with  130  lbs.  after  having  been  deeped  in 
water  24  hours. 

The  fecond,  which  had  been  tanned  one  year,  broke 
with  123  lbs.  when  dry,  and  with  140  lbs.  after  deeping  24 
hours. 

The  third,  or  plain  white,  broke  with  14S  lbs.  when  drjT, 
and  wdth  222  lbs.  after  fteeping  24  hours. 


X. 


Defcription  of  the  Bavarian  Method  of  evaporating  Saline 
Waters .  Bp  M.  Bonnard. 


This  new  method,  practifed  in  Bavaria,  has  been  intro*  Bavarian  tra¬ 
duced  into  the  fait  work  of  Moyenvie,  by  M.  CJeifs,  infpe&ot* 
pi  the  falt-works  of  Bavaria.  waters. 

The  pans  are  compofed  of  fquare  plates  of  cad  iron,  of  4 
millimetres  in  thicknefs,  and  4.76  centimetres  on  each  lide. 

Thefe  plates  are  joined  by  their  edges,  which  are  turned 
downwards,  and  confequently  without  the  pan:  they  are 
folidly  united  by  a  piece  in  the  f©rm  a  fquare  gutter  which 
receives  the  edges,  and  is  fecured  by  a  great  number  of 
i-crew’s. 

An  evaporating  houfe  is  compofed  of  fix  pans,  of  this  con¬ 
duction,  difpofed  in  two  rows ;  but  thefe  pans  have  different 
ufes,  which  require  a  particular  arrangement. 

That  in  the  middle  of  the  back  row  is  the  fmalled  ;  it  has 
no  particular  fire-place,  but  it  is  heated  by  the  junhtion  of  the 
chimnies  from  the  other  fire-places.  The  falt-water  depofits 
its  impurities  in  it  ;  it  is  called  the  (mall  pan. 

From  the  (mall  pan  the  fait  water  pafles  into  the  graduating 
pan,  which  is  low'er  than  the  fird,  and  placed  in  the  middie 
of  the  front  row  ;  it  is  there  kept  in  a  date  of  conftant  ebulli¬ 
tion  :  the  water  is  concentrated  in  it  to  20  degrees,  and  de¬ 
pofits  a  part  of  its  fulphated  lime. 

From  the  graduating  pan  the  (alt  wrater  pades  into  the  pre* 
paring  pans,  which  are  lower  than  it,  and  fituated  at  the  two 
extremities  of  the  back  row :  there  it  is  alio  kept  condantly 
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boiling,  it  is  completely  concentrated,  and  depofits  all  its  fuf- 
phate  of  lime  ;  it  is  then  paired  into  the  cryflallizing  pans, 
fiill  lower  than  thofe  of  preparation,  and  placed  at  the  two  ex¬ 
tremities  of  the  front  row:  tiiere  the  water  fcarcelv  boils,  and 
the  fait  cryflallizcs. 

Each  pan,  with  the  exception  of  tiie  fmall  pan,  has  a  par¬ 
ticular  fire-place,  the  chimnies  of  which  pals  round  the  tides 
of  the  pan :  they  unite  under  the  lmall  pan,  by  which  means 
there  is  little  heat  loll, 

Thefc  pans  are  placed  two  and  two  in  chambers  of  wood, 
the  joinings  of  which  are  well  fecured,  which  ciofe  them 
hermetically :  thefe  chambers  are  low,  and  their  ceilings  are 
perforated  in  the  middle  with  holes  terminating  in  a  tube,  by 
means  of  which  the  aqueous  vapour  is  difengaged  with  rapi¬ 
dity.  The  chambers  for  the  preparing  and  cryflallizing  pans 
have  their  ceiling  pyramidal,  or  in  the  form  of  a  reverfe  hop¬ 
per,  while  that  for  the  fmall  pan  and  the  graduating  pan  is 
horizontal. 

The  faline  waters  are  palled  fucceflively  into  thefe  four 
kinds  of  pans;  the  workmen  penetrate  into  the  chambers,  iu 
the  midft  of  the  vapour,  to  open  the  communications.  This 
operation  is  performed  every  fix  hours,  and  the  water  in  each 
pan  is  reflored  to  the  level  at  which  it  ltood  fix  hours  before. 
Every  three  hours  the  fait  in  the  cryflallizing  pans  is  colle&ed, 
it  is  brought  with  icoops  to  elevations  on  the  front  edge  of  the 
cryflallizing  pans,  where  it  drains;  it  is  afterwards  carried 
into  drying  rooms,  which  furround  the  outfide  of  the  chambers : 
thefe  are  fpaces  covered  with  iron  plates;  they  are  warmed 
by  heat-tubes  leading  from  the  fire-places. 

Every  eight  days  they  take  away  the  fulphate  of  lime, 
throw  out  the  mother-waters,  and  break  the  fliell,  that  is  to 
fay,  the  incruftations  of  fait  which  adhere  to  the  bottoms  of 
the  pans  :  every  twenty-four  days  the  work  is  entirely  flopped 
to  repair  the  pans;  an  operation  which  is  performed  by  the 
workmen  themfelves. 

It  has  been  found  that  this  method  of  evaporation  affords 
a  faving  of  more  than  one-third  of  the  fuel. 

An  improvement  lias  lately  been  made  in  this  procefs  at 
Dieufe:  the  fmall  pan  has  been  fuppreffed,  and  the  drying 
rooms  have  been  replaced  by  auxiliary  pans,  in  which  a  coarfe 
fait  is  made. 


The 
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The  heated  drying  rooms  are  ufelefs  when  the  humidity  of 
the  fait  arifes  from  the  muriate  of  lime  it  contains. 

Explanation  of  the  Plates  III .  and  IV . 

Pig.  1 .  Plan  of  the  pans* 

No.  1.  Small  pan. 

No.  2.  Graduating  pan. 

No.  3.  Preparing  pan. 

No.  4.  Crydallizing  pan. 

The  difpofition  of  the  plates  of  iron  which  compofe  thefe 
pans,  is  fliewn  in  No.  2. 

a,  a.  Elevation  on  which  the  fait  is  placed  to  drain,  as  it  is 
taken  from  the  crydallizing  pans. 

b,  by  bt  Wooden  partitions  which  feparate  the  chambers. 

c,  c,  c,  A  raifed  wooden  ledge  which  furrounds  the  pans. 

Fig.  2.  Section  of  the  evaporating  chamber  which  contains 

the  pans  1  and  2. 

d,  d,  d.  Heat  tubes  which  give  heat  to  the  fmall  pan,  and 
contribute  to  heat  the  others. 

e,  e,  e,  Fire  place  for  the  pans. 

iy  i,  i.  Pillars  of  cad:  iron  under  the  gratings  g,  g,  g ,  which 
fupport  the  bottom  of  the  pans. 

It.  Wooden  chamber  which  contains  the  two  pans. 

k.  Opening  by  which  the  vapours  efcape. 

Fig.  3.  Section  of  the  evaporating  chamber  which  contains 
the  pans  3  and  4. 

a.  Elevation  on  which  the  fait  from  the  crydallizing  pans  is 
placed  to  drain. 

The  other  letters  indicate  the  fame  parts  as  in  the  preceding 
figures. 

Fig.  4.  Method  in  which  the  plates  of  iron  are  joined  to 
form  the  pans. 

a.  The  iron  plate. 

b.  The  iron  gutter  which  receives  the  edges  of  the  plates, 
and  is  drongly  fattened  with  ferews. 

i,  i.  Pillars  of  cad  iron  which  fupport  the  bottom  of  the 
pan. 
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dr.  irvine’s  experiment. 


XL 

Letter  of  Inquiry  respecting  the  late  Dr.  Irvine’s  fundamental 
Experiment  on  the  relative  Capacities  for  Heat  of  Ice  and 
Water.  With  an  AnJxoer  by  Mr.  Irvine. 


Rcqucft  that 
Mi.  Ii vine 
would  dclcrioc 
his  father’s  ex¬ 
periment  on  the 
capacities  of  ice 
and  water. 


Change  of  form 
would  influence 
the  refuit. 


CORRESPONDENT  would  he  much  indebted  to  Mr. 
Nicholfon  if  he  would  convey  by  publication  in  his  Journal, 
or  otherwife,  the  following  requefl  to  Mr.  Irvine.  That  gen¬ 
tleman  in  his  paper  in  the  Journal  of  laft  month  *  mentions  his 
having  in  his  poffellion  the  experiments  of  Dr.  Irvine  on  the 
capacities  of  bodies.  It  has  always  been  a  vvifh  with  thele 
cliemids  who  have  attended  particularly  to  this  (object  to  know 
in  what  manner  Dr.  Irvine  made  the  experiment  to  afeertain 
the  comparative  capacities  of  ice  and  water.  If  either  of  the 
bodies  during  the  experiment  change  its  form,  if  the  ice  were 
melted,  or  the  water  congealed,  it  becomes  lets  decifive,  as 
it  may  be  obje&ed  by  thofe  who  maintain  the  opinion  that 
latent  caloric  exids  in  bodies  either  in  whole  or  in  part  in  a 
llate  of  chemical  combination,  that  the  refuit  might  arifetrom 
fuch  a  combination,  and  not  from  a  change  of  capacity.  Hut 
if  (he  experiment  were  made  in  fuch  a  manner  that  no  change 
of  form  took  place,  which  though  difficult  is  poffible.  Dr. 
Irvine’s  theory,  which  is  fo  much  fuperior  to  the  other,  is  un¬ 
equivocally  edablifhed.  It  would  be  conferring  a  favour  on 
the  chemical  world,  if  Mr.  Irvine  would  take  the  trouble  of 
faying  in  what  manner  the  experiment  was  conducted,  pro¬ 
viding  fuch  a  notice  would  not  interfere  with  the  intention  he 
has  announced  of  giving  a  more  full  account  of  his  father’s  in- 
veftigations,  an  account  which  would  be  eagerly  received  by 
cbemifts. 

September  2 \th,  2  803. 


Ii<ply  by  Mr.  Irvine. 

The experiment*  WITH  regard  to  the  enquiry  of  Mr.  Nicholfon’s  corrcL 
TTiay  ™a.^e  pondent,  it  would  give  me  pleafure  to  inform  him  of  any  cir- 
Iiable  to  the  °  cumdance  within  the  fphere  of  mv  own  knowledge  that  thould 
olje&ions  before  tend  to  add  to  the  illudration  or  proof  of  my  father’s  theory. 

*  Sept.  1803.  See  our  Addrefs  to  Correspondents  of  lad  month. 
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There  does  not  feem  fo  me  any  difficulty  in  explaining  fatis- 

fa&orily  how  experiments  on  the  capacities  of  ice  and  water 

may  be  conducted  without  being  expofed  to  the  objections 

above  dated;  at  the  tame  time,  though  thefe  experiments  may 

be  conclulive  as  far  as  they  go,  I  have  not  been  aoeuftomed  —but  may  not 

to  confider  them  as  altogether  fo  decifive  of  all  arguments  upon  ^^nexetPtl01i' 

this  fubjeft. 

In  a  general  wav  then  the  experiments  of  Dr.  Irvine  Were  Account  of  T)n 

conduced  in  the  following  manner.  The  capacity  of  water  l!7me  s 

.  .  n  r  •  •  of  experiment- 

being  taken  at  unity*  pains  were  uled  to  alcertain  the  capaci- ing. 

ties  of  mercury,  river  fand,  pounded  glafs,  and  iron  filings,  The  capacities 

with  refpedt  to  water,  and  confequentlv  to  each  other  in  the  of  *nercury> 

'  .  1  .  -  land,  pounded 

ordinary  manner.  It  is  at  prefenl  of  no  importance  what  pro-  glafs  and  iron. 

portional  quantities  of  the  materials  were  employed.  This  wfr« 

being  done,  the  capacity  of  one  of  thefe  fubftances  was  ex-  refpe6t  to  water. 

perimentally  compared  with  that  of  pounded  ice  or  fnow. — 

Every  precaution  was  ufed  to  enfure  fuccefs.  The  weight  One  of  thefe 

and  capacity  of  the  veffel  was  determined,  and  the  colder  and  WdS  t^cn  cx"a 

hotter  body  alternately  added  to  the  other.  The  temperature  pounded  ice  at  a 

of  the  air  was  alwavs  below  32,  as  was  that  of  all  the  mate-  t7mpf‘aturf  oi 

the  place  always 

rials  and  of  the  veffel.  No  water  could  therefore  be  formed,  under  32°. 

In  his  fir  ft  experiments  I  believe  Dr,  Irvine  ufed  mercury,  bat 
afterwards  I  know  that  he  preferred  iron  filings  and  fand.  For 
example,  if  the  veffel  and  room  were  at  11°,  let  half  an  Example, 
ounce  of  powdered  ice  from  diftiiled  water,  at  temperature 
30°  be  poured  on  four  ounces  of  iron  filings  at  11°,  let  the 
temperature  of  the  mixture  be  noted  after  ftirring,  the  due  al¬ 
lowances  made  for  the  heat  gained  by  the  veffel  and  the  air, 
and  a  proper  calculation  made.  Let  this  experiment  be  re- 
verfed  by  cooling  the  ice  to  1  lQ,  and  pouring  the  iron  filings 
at  30°  upon  it,  and  let  a  calculation  from  this  be  compared 
with  the  former  and  corrected  by  it.  Finally,  let  thefe  ex¬ 
periments  be  compared  with  others  where  different  quantities 
of  materials  are  ufed,  and  of  different  temperatures,  and  you 
have  a  view  of  the  method  employ  ed  for  determining  this  point 
by  Dr.  Irvine,  which  does  not  appear  to  be  objectionable  upon 
other  grounds  than  all  experiments  for  afeertaining  capacities 
are,  none  of  which  have  any  pretentions  to  perfect  accuracy. 

Dr.  Irvine  was  far  from  being  latisfied  that  his  experiments 
were  mathematically  precife.  But  he  uniformly  found  the  ca¬ 
pacity  of  ice  to  be  lels  than  that  ot  water,  and  that  in  a  greater 
ratio  than  is  generally  allowed. 

E  2 
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The  common  With  refpett  to  the  common  notion  that  experiments  on  the 
anJ°\v*ter  li**i n "  capacity  of  ice  are  made  by  mixing  it  with  water,  it  is  alto- 
direftly  applied  gelher  Falfo  in  the  cafe  oF  Dr.  Irvine.  No  doubt  this  may  be 
to  each  other,  done  theoretically.  It  is  eaFy  to  Fay  that  ice  lofes  fo  many  de- 
impracticable,  grees  which  heat  water  only  Fo  many.  But  then  no  ice  mult  be 
melted,  which  if  not  impoflible  is  extremely  difficult,  or  what 
is  equally  Fo,  the  quantity  melted  mufl  be  Found,  and  an  al¬ 
lowance  made  for  the  latent  heat,  which  is  itfelF  not  preciFely 
afeertained,  at  leaft  not  with  Fufficient  accuracy  For  this  pur- 
pofe.  I  have  only  to  add  that  this  gentleman’s  enquiries  would 
have  been  earlier  noticed  if  1  had  been  informed  of  them, 
which  I  was  only  a  Few  days  ago. 

W.  IRVINE. 

April,  1805. 


XII. 


Short  Account  of  fame  of  the  mojl  remarkable  Fuels  and  Ohferva - 
rations  in  an  Acrofiatic  loyage ,  made  from  Petcrjburgh,  by 
Meffrs .  Robertson  and  Sacharoff,  under  the  Sanction 
of  the  Imperial  Academy.  W.  N. 


« 


Aeroftatic  voy- 
ag?  from  Peterf- 
burgh. 


A  (cent  of  the 
balloon  with  two 
obfervers. 


Xhlc  notice  of  an  aeroflatic  voyage  performed  by  Meffrs. 
Robertfon  and  Sacharoff  From  Peterfburgh,  under  the  direction 
of  the  Imperial  Academy  of  Sciences,  June  30,  1804,  of 
which  an  abridged  account  was  given  to  the  National  Inflitute 
of  France*,  is  very  interefting,  From  the  Fcientilic  views  and 
conduct  of  the  managers  Lowitz  and  Robertfon,  as  well  as 
for  its  other  particulars. 

Their  balloon  was  a  fphere  of  30  feet  diameter,  and  rofe 
at  a  quarter  part  feven  in  the  evening,  with  the  afcenlional 
Force  of  one  pound,  the  whole  weight  of  folid  matter  (includ¬ 
ing  1 10  pounds  of  fand  For  ballad)  being  622  pounds.  When 
they  were  over  the  river  Neva,  at  the  elevation  of  108  toifes 
or  620  Feet,  they  defeended  a  little  by  the  condenfation  of 
the  gas;  but  role  again  b\  throwing  out  a  little  of  the  ballad. 
The  ulual  phenomenon  of  a  dow  rotation  of  the  balloon  pre- 
fenled  ilfelf,  which  doubllefs  arofe  From  the  unequal  a&ion  of 
the  air  againd  an  irregular  lurface,  as  we  fee  in  mod  other 
bodies  ridng  or  Falling  in  a  fluid. 


*  In&rted  in  the  Anr.ales  de  Chimie,  LII.  121. 

But 
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•  /  •  4  • 

But  one  of  the  moft  firiking  circumfiances  attending  Inis  Their  dire&ion 

o  O  ffi  V  C  d  b 

voyage  is  the  rational  means  which  thefe  philofopers  made  ufe  log.a 

ot  to  determine,  and  in  a  certain  degree  to  regulate  their  cotirle. 

They  made  ufe  ot  two  inftruments,  a  log  and  a  telefcope.  The 
log  confided  of  two  fheets  of  very  thin  paper,  blacked,  and — of  paper,  See . 
fixed  at  right  angles  to  each  other  bv  a  very  light  crols  of 
wood.  This  was  fufp ended  from  their  car  by  a  firing  of  fixty 
feet  in*  length,  and  affording  a  different  refiftance  to  the  air 
from  that  of  the  balloon  itfelf,f  it  was  found  to  draw7  the  firing 
out  of  the  perpendicular  direction,  or  as  the  narrators  fay,  to 
follow  the  balloon:  fo  that  by  its  pofition  determined  by  com- 
pafs  they  could  afeertain  what  direction  they  were  purfuing. 

It  alfofiiewed  by  its  relative  rife  and  fall  whether  the  apparatus 
was  defeending  or  afeending,  before  their  barometer  had  indi¬ 
cated  the  flighteft  change. 

Their  telefcope  was  applied  to  fhew  the  direction  of  their  Perpendicular 

courfe,  and  muft  have  been  much  lefs  fubjed  to  doubt  than  telefcope  by 

their  log.  Its  application  would  be  univerfal  and  perfed,  if  courfe  and  velo- 

the  earth  could  be  feen  at  all  times  from  the  elevated  regions  of  ^  ,were  ^een 
.  on  the  ground, 

the  air.  It  was  direded  perpendicularly  downwards  by  means 

of  a  plumb-line,  and  having  a  confiderable  magnifying  power, 

the  objeds  upon  the  furface  of  the  earth  were  feen  moving 

acrofs  its  field  of  view,  and  their  diredion  would  mofi  clearly 

afeertain  that  of  the  car  itfelf,  and  alfo  its  velocity.  If,  for 

example,  the  magnifying  power  were  fifty  times  and  the  field  Inveftigation of 

of  view  one  degree,  the  vifible  fpace  included  in  that  field  gecu-acy^f^his 

from  an  elevation  of  two  miles  would  be  about  i  SO  feet  in  di- method. 

ameter,  in  which  objeds  of  fix  or  feven  inches  broad  might  be 

very  w'ell  cl i ft i ngu i (lied  through  a  favourable  atrnofphere;  and 

at  fo  lowr  a  velocity  as  one  miie  an  hour  the  whole  field  of  view 

would  be  paffed  over  in  about  twelve  feconds.  Hence  we  fee 

that  the  method  affords  a  confiderable  degree  of  accuracy, 

and  will  not  in  general  require  any  great  power  of  magnifying 

or  delicacy  of  obfervation.  The  computation  would  be  founded 

on  the  following  problem,  which  will  not  prefent  any  difficulty 

to  thofe  who  are  acquainted  with  thele  lubjeds,  if  the  phyfical 

allowances  for  temperature  in  barometrical  admeafurements  be 

admitted  to  be  corred  enough  for  this  purpofe. 


f  Or  rather,  perhaps,  becaufe  not  exadly  in  the  fame  current  of 
the  atrnofphere.  N. 


Given 
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The  obferved 
courfe,  &c. 


A  pigeon  let 


P.oblrm  for  Given  the  temperature  on  the  earth  and  in  the  car,  the 

computing  the  0f  the  barometrical  column,  and  the  time  employed  in 

velocity  of  a  *  .  .  J  . 

balloon  by  obf.  the  apparent  tranut  ot  an  object  on  the  earth  through  a  given 
through  a  te.c-  ang|e  or  field  of  view;  to  find  the  velocity  of  the  obferver. 

Tabulated refults  For  practice  it  would  perhaps  be  fulliciently  exact  and  con- 
for  practice,  venient  to  compute  a  imall  fable,  in  which,  neglecting  the  tem¬ 
perature,  the  velocity  in  miles  per  hour  might  be  had  by  in¬ 
flection,  when  the  height  of  the  mercury,  the  time  of  tranfit, 
and  the  magnifying  power  were  known. 

The  aeronauts  having  noticed  by  their  inffruments  what 
were  the  direction  of  the  currents  of  air  at  different  heights, 
found  themfelves  in  one  which  carried  them  direCtly  towards 
the  Baltic.  They  therefore  defeended  till  they  faw  by  the  ba¬ 
rometer  that  they  had  returned  to  a  current  which  carried  them 
inland;  and  afterwards  again  rofe  much  higher,  and  faw  with 
great  precifion  by  their  telefcope  the  infiant  of  their  quitting 
the  gulph.  When  the  barometer  flood  at  B4  inches  they  let 
go  a  pigeon,  who  flew  with  difficulty  and  would  not  quit  the 
balloon;  but  upon  being  precipitated  he  in  vain  endeavoured 
to  regain  it,  and  at  length  defeended  rapidly  towards  the  earth. 
The  dip  of  the  At  ten  at  night  the  balloon  had  rilen  to  an  height  indicated  by 

magnetic  re  die  ^  inches  of  the  mercurial  column,  the  thermometer  handing' 
is  lefs  at  great  .  ” 

heights  in  the  at  4|  degrees  (I  fuppofe  centigrade).  Here  it  was  that  M* 

a,r*  Sacharoif  carefully  obferved  a  phenomenon  which  had  been 

before  remarked  by  M.  Roberffon  in  his  afeent  from  Hamburgh, 

but  at  a  much  greater  elevation.  Their  dipping  needle  w  as 

deranged  ;  but  on  infpecling  the  common  compafs,  its  needlo 

was  found  to  be  no  longer  horizontal,  the  north  end  being 

This  may  afford  elevated  near  10  degrees.  On  this  phenomenon  they  remark 

'hOgl'ie  that  the  magnetic  attraction  probably  diminifliing  as  the  fquare 

of  the  di fiance  may  afford  additional  means  of  directing  future 

obfervers  in  the  atmolphere,  and  even  determine  the  elevations 

independently  of  the  barometer.  From  the  prefent  elevation 

a  pigeon  being  thrown  down,  fell  fo directly  that  it  was  doubted 

whether  he  could  have  reached  the  earth  alive. 

Darknefs  coming  on,  it  became  neceflary  todefeend,  during 

which  t.he  obferver  repeatedly  made  an  experiment  which  alfo 

heard  from  the  r  .  ^  ...  ...  .. 

earth  at  the  dd-  Promi*es  to  be  of  great  utility  to  voyagers  in  the  air,  as  well  as 

tance  ot  twa  to  enlighten  our  conclufions  refpeCting  the  phenomena  of 

found.  When  they  fpoke  through  a  trumpet  directed  towards 

the  earth,  the  voice  was  returned  with  extreme  precifion  and 

without 


A*c  * 


Singular  cgHo 
of  the  voice 
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without  Teeming  to  have  loft  any  part  of  its  intenfity.  No  re-  No  echo  but 
petition  was  made  except  when  the  trumpet  was  diredted  to  pc^uas^diredted 
the  earth;  and  the  intervals  of  reflection  were  different  ac- co  the  earth, 
cording  to  the  elevation  of  the  obfervers.  The  percuffion  im- 
prefled  on  the  air  by  the  found  every  time  produced  a  flight 
undulation  in  theaeroftat;  whence  they  deduce  an  inference 
in  favour  of  the  luppofed  efficacy  of  cannon  in  partly  modify¬ 
ing  or  averting  the  difcharge  of  ftormy  clouds.  In  one  of  their 
experiments,  the  found  employed  ten  feconds  in  its  return, 
which  would  give  a  diftance  of  about  two  miles  out  and  home, 
if  the  fame  law  of  the  velocity  of  found  were  fuppofed  to 
prevail  in  the  perpendicular  courfe  as  along  the  furface  of  the 
earth,  which  however  does  not  teem  likely.  The  barometer 
flood  then  at  27  inches,  and  at  their  outfet  it  was  at  30  inches, 
on  the  ground.  It  would  be  eafy,  and  it  is  furely  delirable  to 
make  experiments  with  cannon  and  flop  watches  on  the  velo¬ 
city  of  alcencling,  and  if  poflible,  defce'nding  found. 

This  reflection  of  found  or  e,cho  is  a  fubjec?  of  very  great  The  ftrength  of 
curiofity.  There  is  perhaps  no  other  inftance  in  nature  where  ,rhe  lo,und  77 

J  \  1  ...  haps  depended 

ft)  extended  a  wall  of  reflection  can  be  had.  I  am  difpofed  to  0n  the  ttiiinefs 

think  that  the  apparent  intenfity  of  the  returned  found  may  in  theutuation* 

fome  meafure  have  depended  on  the  perfect  {Pence  in  which 

the  tpeakers  were  placed.  In  a  ftili  night  the  centineis  on  the 

ramparts  at  Portfmouth  may  be  heard  at  the  Ifle  of  Wight 

over  a  diftance  of  five  miles,  and  there  are  numerous  inttances 

of  low  founds,  fuch  as  the  beating  of  a  clock  or  watch,  or  the 

founds  of  looLfteps  being  heard  to  confiderable  diftances,  when 

other  founds  do  not  adt  on  the  organ  of  lenfe.  * 

In  their  defcent  to  the  earth  they  palled  through  various  Sudden  rife  of 
ftrata  of  vapours,  all  of  different  temperatures,  and  at  the  in-  the  thermometer 
ftant  the  earth  came  in  light, the  thermometer  ftarted  up  through  m  de!'-vnd‘ns8 
federal  degrees,  probably  becaufe  they  had  quitted  3  cold  mafs 
of  vapour  which  obfcured  their  view,  or  perhaps  becaufe  the 
radiant  heat  of  the  earth’s  furlace  might  at  that  moment  have 
reached  them  unimpaired. 

*  See  a  curious  paper  of  M.  Perrole  on  found,  with  the  annota¬ 
tions  thereon,  in  the  firlt  Vol,  of  our  quarto  Journal, page  4 1 1. — N. 
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XIII. 

Letter  from  Mr.  Cuthbertson,  containing  Remarks  on  Mr. 
Wm.  \\  ilson’s  and  Mr.  Hauy’s  Experiments  on  the  Elec¬ 
tricity  of  Metals. 


Dear  Sir, 


I 


To  Mr.  NICHOLSON. 

London,  54,  Poland- Street, 
Jpril  24,  1805. 


Mr.  Wilfon’s  -4N  your  valuable  Journal  for  January,  page  42,  you  have 

eledricifv  ^  ^av0L^re^  Lls  with  a  letter  from  Mr.  Willon,  containing  fomo 
experiments  which  he  calls,  exhibiting  the  electricity  of  metals. 
°!  c0PPer .  hfted  Mr.  Wilfon  lays  in  his  table  of  experiments,  that  copper 

filings  fitted  through  zinc  is  pofitively  electrified  :  this  is  an 
error  which  I  thought  myfelf  obliged  to  take  notice  of,  as  it 
is  a  direct  contradiction  to  what  I  have  aflerted  in  my  examina¬ 
tion  of  Sig.  Volta* s  experiments ,  Much  he  calls  fundamental,  and 
on  Much  his  theory  op  galvanifu  refts ;  fee  this  Journal,  vol.  II. 
controverted  page  281  ;  I  have  laid  therein,  that  if  a  plate  of  zinc  be  fepa^ 

p«riment  ot  con- ratecl  'r(,m  a  copper  one,  it  will  be  pofitive,  confequently 
tad  and  fepara-  leave  the  copper  negative  if  iniulaled  ;  whether  this  experL 
ment  be  performed  as  I  have  therein  mentioned,  or  according 
to  Mr.  Wilfon,  the  one  reduced  into  filings,  and  afterwards 
lifted  through  holes  made  in  the  other  metal,  the  electricity 
excited  mufit  tail  under  the  fame  denomination,  the  difference 
will  be  that  the  quantity  of  ele&ricily  excited  will  be  more  by 
Air.  \\  .  s  method  than  mine,  becaufe  he  lias*  multiplied  the  fe-, 
parationc,  a  fa 61  well  worth  notice. 

Contad  and  Mr.  W.’s  chief  obje<5I  in  view  feemingly,  is  to  prove  that 

ducTthLlca’ric the  feParation  of  mela,s  «  the  caufe  of  ihe  eletfric  fluid  being 
ftatej  excited  and  not  touching.  I  cannot  perceive  that  thefe  ex^ 

periments  throw  any  light  upon  that  fubjeft,  as  both  touching 
and  feparating  are  here  employed. 

In  my  fecond  volume  on  ele&ricity,  publifhed  in  Amfler, 
dam,  anno  17  82,  I  have  proved  by  experiment  that  neither 
touching  nor  friction  feparately  employed  excites  eleCtric  fluid, 
friction  and  feparating  jointly  employed,  is  a  powerful  exciter 
of  electricity  on  glafs;  touching  and  feparating  jointly  em» 
ployed  on  glafs  excite  electric  fluid  in  a  flight  degree,  and 
pply  when  the  flate  of  the  atmofphere  is  favourable. 

Jn 


but  neither  ad 
will  do  alooe. 
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In  the  Philofophical  Magazine  for  Nov.  1804,  page  1 20,  Hauy  s  obf.  an 
we  have  Mr.  Hauy's  observations  on  the  electricity  ot  metallic  ^an^eSj 
fabftances:  he  does  not  inform  us  what  fliape  his  Jllver  pieces 
were,  or  whether  (hey  were  pure  or  with  alloy  ;  he  however  imperfed, 
does  not  hefitate  in  pronouncing  of  it  to  be  pofitively  ele6tri- 
fied  by  fri£tion ;  fo  that  it  does  not  feem  that  he  has  entered 
very  wide  into  the  fubject,  or  he  would  have  perceived  fome 
remarkable  changes  to  take  place  in  that  metal  by  fri6tion,  Singular  effect 
and  particularly  in  coins.  They  will  change  from  pofitive  to  ^ubbing  coim* 
negative,  and  rice  verfa ,  without  any  vifible  caufe.  If  a  dol¬ 
lar  and  a  half-crown  be  (luck  to  the  ends  of  two  (licks  of 
fealing-wax,  and  rubbed  feparately  upon  woollen  cloth,  they 
will  be  found,  after  the  friction,  fomelimes  pofitive  and  fome- 
times  negative,  and  fometimes  one  pofitive  and  the  other  ne¬ 
gative,  without  varying  the  manner  of  fridion.  If  pure  diver, 
or  diver  with  different  proportions  of  alloy,  be  melted  down 
to  a  button,  and  ufed  in  that  (liape,  or  hammered  fiat,  repre- 
fenting  coins,  they  are  for  the  mod  part  pofitive  by  fri&ion. 

Thefe  experiments  upon  metals  are  not  new  ;  I  believe  they 
were  firff  begun  by  Mr.  Henly,  and  inferted  in  the  Philofo¬ 
phical  Tranfa61ions ;  but  I  have  not  the  data  at  hand,  and  I 
do  not  not  remember  that  he  had  obferved  the  above-mentioned 
property  of  this  metal. 


SCIENTIFIC  NEWS ,  JCCOUNT  OF  BOOKS ,  bV. 

Note  on  the  Nezo  Planet  Juno. 

1  HAVE  not  had  any  late  account  of  the  new  planet  an-  Planet  Juno, 
nounced  at  page  301  of  our  9th  volume  (Dec.  1S04)  in  a  let¬ 
ter  from  M.  Bode.  The  difeoverer’s  name,  w  ho  is  Mr.  Hard¬ 
ing  of  Lilienthal,  near  Bremen,  was  not  then  mentioned. — 

For  the  prefent  I  give  the  following  notes  from  the  Journal  de 
Phyfique,  Thermidor  lad. 

On  the  5th  of  September,  1804*,  its  right  afeenfion  was 
1°  52 declination  0°  ]  \  f  north.  M.  Burckhardt  obferved  it 
on  the  23d  of  September  at  359°  7'  and  4°  6',  whence  he 
concludes  that  the  duration  of  its  revolution  is  five  years  and  a 
half.  Its  inclination  21°;  excentricity  one  quarter  of  its  ra¬ 
dius;  mean  didance  from  the  (un  three  times  greater  than  that 
of  (he  earth. 

Its 
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Its  diameter  could  not  be  meafured,  but  it  appeared  like  a 
liar  of  the  eighth  magnitude.  It  teems  nearly  equal  to  that  of 
Ceres,  or  the  planet  dilcovered  by  Fiazzi. 


Saxon  topaz 
anal  y fed  by 
Vauquelin. 
Bi  afilian  by 
Peteotils. 


Klaproth  dif- 
covered  fluoric 
acid  in  the 
Saxon  topaz. 


Sulphuric  acid 
incapable  of  ex¬ 
pelling  it* 


Vauquelin 
treating  the 
topaz  with  pot- 
afh  and  fulphu- 
jic  ac’d  excelled 
the  fluoric. 


The  Brafdian- 
topaz  gives  the 
(ame  relult. 


Topaz  a  true, 
jjnmino  filiceous 
jiuaC:. 


Difeovery  of  Fluoric  Acid  in  the  Topaz.* 

IN  the  year  1797,  M.  Vauquelin  analyfed  the  Saxon  topaz, 
and  found  its  conftittlent  parts  to  be,  lilexSI,  alumine  6B. 
Mr.  Defect ils  foon  after  examined  the  Braftlian  topaz;  but  as 
there  was  a  lots  ot  IB  per  cent,  in  his  firft  anal)fis,  and  12  in 
his  fecond,  he  did  not  think  tit  to  publifh  the  relulls  of  his  la¬ 
bours  at  that  time;  and  other  circum trances  prevented  him 
from  purfuing  the  inquiry,  as  he  had  intended. 

Not  long  ago  Mr.  Klaproth  wrote  to  Mr.  Hauy,  that  fie  had 
found  fluoric  acid  in  the  Saxon  topaz.  Mr.  L/iugior  made  fe- 
veral  experiments  to  verify  this  difeovery,  but  without  fuccefs. 
It  is  true  in  the  analvfis  with  potafb  lie  lound  a  deficiency  of 
Id  per  emit,  but  though  he  reduced  the  topaz  to  an  impalpa¬ 
ble  powder,  and  did  all  he  could  to  expel  the  fluoric  acid  from 
it  by  means  of  the  fulpburic,  he  was  unfucceisful.  Mr.  Vau¬ 
quelin  on  his  return  applied  himfelf  to  the  fame  refearch,  and 
we  here  preterit  the  refult  of  his  labours.  Not  knowing  what 
procefs  Mr.  Klaproth  had  employed,  he  tried  that  which 
teemed  to  him  moll  likely  to  fucceed.  He  firft  heated  the  to¬ 
paz  with  cau flic  potjifli  in  a  tilver  crucible  in  the  ufual  wav. 
After  he  iiad  diluted  the  mafs  with  water,  he  introduced  it  into' 
a  retort,  and  poured  on  it  lulphuric  acid.  White  fumes  loon 
arofe,  and  thefe,  being  colle&ed,  exhibited  all  the  characler- 
iftics  of  fluoric  acid  combined  with  filex.  The  latter  came 
aim  oft  wholly  from  the  fione,  as  the  retort  was  not  perceptibly 
attacked  by  the  acid. 

The  fame  experiment  with  the  Braftlian  topaz  gave  the  fame 
refult;  and  there  is  every  reafon  to  believe,  that  the  Siberian, 
which  Mr.  Vauquelin  is  now  analyiing,  will  afford  the  fame 
produ&s.  Thus  we  may  now  confider  this  gein  as  a  filiceous 
compound,  confuting  ot  fluoric  acid,  alumine,  and  filex,  ora 
true  alrmino- filiceous  fluate;  and  the  difeovery  muft  be  eon ft - 
dered  as  of  the  higheft  importance  in  mineralogy. 

*  Bulletin  des  Sciences,  No.  XC.  p.  282,  Sept.  1804. 


Mr, 
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Mr.  V  auquelin  next  inquired  what  might  be  the  circum-  Clrcumftance 
fiance,  that  led  him  into  an  error  when  he  fir  ft  anal  vied  the  ^at  n,J^.ed. 
topaz;  and  he  imagines,  that  it  was  his  treating  the  alcaline  firft  analyfis* 
ma(s  with  muriatic  acid,  indead  of  employing  the  lulphuric; 
and  that  probably  not  heating  it  to  a  fufficient  degree  to  expel 
the  fluoric  acid,  from  fear  of  decompofing  the  muriate  of  alu- 
mine,  he  precipitated  the  fluoric  acid  combined  with  the  alu- 
mine,  when  he  added  ammonia  to  ieparate  the  alumine  from 
its  muriatic  folution. 

Examination  of  Crude  Platina ,  by  Mejfrs .  Tennant  and 

Wollaston* 

THE)  editors  of  the  Jnnules  de  Mnfeum  obferve,  that  pla-Pbtina, 
tina,  when  taken  from  the  mine,  appears  from  the  experiments 
of  Defcotils,  Fourcroy,  and  Vauquelin,  to  be  mixed  with 
iron,  chrome,  and  other  metals,  among  which  may  be  ojie  or 
two  that  are  newr.  Mr.  Tennant  has  given  names  to  two,  and 
Dr.  Wolladon  to  two  others;  but  the  French  journalifls  con¬ 
gratulate  their  countrymen  for  being  lets  hafly,  and  waiting  till 
they  are  allured  thefe  new  metals  really  exift,  > 

■■  wbbbb— — — 

Prize  Quejliuns  in  France • 

The  Society  of  Agriculture  and  the  Arts,  in  the  department  Prize  queftions 
of  the  North,  propofes  for  the  fubje&s  of  two  prizes,  which 
til  a  1 1  be  adjudged,  the  fir  It  in  the  fir  H  of  Fruftidor,  in  the  year  the  colfa. 
XIII.  and  the  fecond  in  the  li r  11  fortnight  of  Fructidor,  in  the 
year  XIV.  the  two  following  queflions : 

Firji  Quejlion . — “  What  method  of  propagating,  rearing, 
feeding,  and  houfing  the  flieep  of  the  race  now  exifting  in  the 
department  of  the  North,  ought  to  be  followed  in  this  depart¬ 
ment,  to  obtain  wool  from  thefe  animals,  equal  in  quality  to  the 
beft  wools  from  Engl i Ill  flieep  ?” 

Second  Quejlion. — An  infecl  known  in  the  country  under  the 
improper  denomination  otpuceron,  has  thisand  feveral  preceding 
years  attacked  and  deftroyed  thegreater  part  of  the  flowers  of  the 
colza. — t(  What  is  this  infect?  Under  what  generic  and  Ipecific 
name  have  the  mod  celebrated  naluralifls  defcribed  it  ?  What 
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is  ils  life,  either  in  the  dale  of  eoleoptera  in  which  it  is  found 
on  the  colza,  or  in  the  date  of  larva  ?  What  natural  enemies, 
what  artificial  means  of  dedruction  can  be  oppoled  to  it  in 
either  date?  Generally,  w'hat  care  can  preferve  the  colza  from 
its  ravages  ?” 

Each  of  thefe  two  prizes  will  be  a  gold  medal  of  the  value 
of  150  francs. 

R ujfi a n  Circu m  naviga t ion . 

Ruffian  voyage  By  a  courier,  expedited  by  the  governor  of  Kamfchatka,  news 
i ouxul  the  v* o t id.  was  rece;veci  at  Peterflburgh  on  the  ‘21  d  of  December,  that  the 

veflfels  belonging  to  the  expedition  round  the  world  under  the 
orders  of  M.  de  Krufendern,  had  arrived,  on  the  26th  of  July 
lad,  at  the  harbour  of  Peter  and  Paul,  in  Kamfchatka,  and 
that,  up  to  this  time  M.  Krufendern  had  not  lod  a  fingle  man 
of  his  retinue,  nor  had  he  any  tick  in  the  fquadron.  In  his 
voyage  he  had  vifited  the  Marque  fas  and  Sandwich  Iflands. 
M.  Krufendern  purpofed  failing  for  Japan,  towards  the  end  of 
Augud, 

Europeans  found  At  one  of  the  Marquefus,  where  die  veflels  dopped  a  few 
SoCh“a  ’  d»78'  *ie  ta^en  on  board  a  Frenchman  and  an  Englithman, 
ten  their  own  to  bring  them  back  to  Europe.  Captain  Krufendern  fays  he 
language.  had  not  yC^  been  able  to  difcover  how  thefe  two  individuals 
had  come  to  this  ifland ;  both  of  them  having  completely  for¬ 
gotten  their  original  language.  Fie  thought  however  that  he 
could  comprehend  that  they  had  arrived  there  on  board  an 
American  vefifel  which  had  been  fliipwrecked  on  the  coad. 
The  Frenchman  1'peaks  the  language  of  the  iflanders  very  well, 
and  has  adopted  all  their  cultoms,  habits  and  manner.  There 
is  no  doubt  that  they  will  foon  recover  the  ufe  of  their  language, 
in  a  daily  intercourle  with  Europeans;  and  that  they  will  then 
be  able  to  give  an  account  of  their  adventures,  as  well  as  in¬ 
formation  refpefting  the  iflanders,  among  whom  they  have  lived 
fo  long.  At  lead,  this  is  expe&ed  with  impatience. 


Geological  Journey  from  the  Academy  at  War  jaw , 

Journics  of  dif-  The  Society  of  the  Friends  of  the  Sciences  at  Warfaw  have 
eovery  in  mine-  c|)arged  two  of  its  members,  M.  Carteau  and  Stacio,  to  under- 

ralogy  and  natu-  °  .  .  ’ 

ral  hiftory.  take  a  mineralogical  and  phyfical  expedition  into  the  Carpa¬ 
thian  mountains.  Another  member  of  the  fociety  has  already 

examined 
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examined  the  eadern  part  of  them,  with  relation  to  miner¬ 
alogy,  geogony  and  or)  <5tognofy.  At  this  time  he  is  travelling 
over  the  mountains  in  the  interior  of  Audria,  from  whence  he 
will  proceed  to  upper  Italy,  and  to  the  Alps  of  Switzerland. 
When  this  journey  is  completed,  he  will  undertake  another  to 
Caucafus. 


Lalande’s  Propofal  of  a  new  Scale  of  the  Thermometer . 

M.  de  Lalande  propofes  to  adopt  a  thermometer-fcale,  which  New  kale  of 
fliall  remedv  all  the  inconveniences  of  thofe  now  in  life.  His thermometer. 

J 

mean  point  is  taken  from  the  natural  date  of  the  globe,  which 
he  fixes  at  9F  degrees  of  Reaumur’s  thermometer,  and  he  takes 
tiie  10  millionth  part  of  the  volume  of  mercury  for  the  meafure 
of  a  degree.  Among  the  advantagesof  this  indrument  he  reckons 
a  fimpliticalion  of  expredion,  which  will  give  a  facility  to  com¬ 
prehending  what  was  before  without  meaning  to  the  public. 

For  example,  the  degree  of  heat  of  common  fummers,  and  the 
degree  of  cold  of  our  mean  winters,  will  be  both  exprefTed  bv 
30  :  The  degree  of  40  will  indicate  a  hot  lummer  and  a  fevere 
winter,  &c.;  another  advantage  will  be  derived  from  the  fmaller 
interval  of  the  degrees,  which  will  remove  the  neceffity  of 
having  recourfe  to  fraftions  in  the  greater  number  of  obferva- 
tions.  The  boiling  point  of  water  is  -j-  1 32°. 8  of  the  propofed 
thermometer,  and  —  74°. 4  is  the  point  of  the  congelation  of 
mercury.  Ice  melts  at  —  17°. 9  and  —  44°. 2  is  the  zero  of 
Fahrenheit. 


Two  Kinds  of  Honey. 

In  a  note  to  Dr.  Delametherie,  Proud  announces  the  dif-  Prouftonhoney, 
covery  of  two  kinds  of  honey  ;  the  one  liquid,  the  other  dry, 
not  deliquefeent,  crydallizable  in  its  manner,  and  lefs  iaccha- 
rine  than  fugar :  they  are  feparated  by  fpirit  of  wdne,  to  which 
end  granulated  honey  mud  be  operated  on. 

J.  de  Phyfique. 


Palladium. 


Experiments  made  by  Medrs.  Role  and  Gehlen,  and  others  Attempts  to 

bv  Richter,  to  obtain  palladium,  are  given  at  length  in  the  *on”  PalladiUm 
]  ,  r  °  ,  with  mercury 

Journal  o!  Cheinidry,  pubhmed  in  German  by  Klaproth  and  and  ptati.na. 

Richter. 


Thefe 
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Elementary 
works  on  natu¬ 
ral  hiftory  very 
defe&ive. 


Mr.  D.  has  pur- 
fued  a  better 
method. 


His  arrangement 
proceeds  from 
the  mod  fimplc 
things  to  the 
more  complex. 


ACCOUNT  OF  BOOKS* 

Thefe  philofophers  followed  Mr.  Chenevix's  procefs  with 
great  care,  but  <lid  not  produce  that  metallic  body.  In  the 
precipitation  of  muriate  of  mercurv  and  muriate  of  platina, 
they  had  a  black  powder,  which  always  afforded  the  metals 
feparate  from  each  other. 

Richter  was  not  more  fuccefsful.  lie  verified  that  the  green 
fulphate  of  iron  does  not  decompofe  eilher  the  muriate  of 
mercury  or  ti:at  of  plalina.  The  other  facts  he  obferved  were 
to  the  lame  effect  as  thole  of  Role  and  Gehlen.  He  always 
found  the  mercury  of  his  precipitate  feparated  from  the  platina 
bv  heat. 

m 


7'raite  Clementaire  d’Hifioire  Natu relic,  See.  An  elementary 

Treatife  on  Natural  Ilijlory,  by  A.  M.  Constat  Dume'kil  : 

Compofed  by  Order  of  Government  for  the  life  of  the  National 

Lyceums ,  1  Vol.  8vo.  Paris  *. 

There  is  wot  one  of  the  fciences,  the  elementary  works  of 
which  have  been  fo  long  neglected  as  natural  hiftory.  Some¬ 
times  this  title  has  been  given  to  collections  of  tales  fit  only  to 
araufe  children,  but  not  calculated  to  make  them  acquainted 
with  nature  as  a  whole,  and  with  the  progrefs  of  the  fcience : 
at  other  limes  authors  have  entered  into  difeuffions  tooabffrufe, 
or  contented  themfelves  with  a  mere  nomenclature,  always 
dry  and  ffeple  to  beginners,  to  whom  names  give  no  idea  of 
objects  with  which  they  are  unacquainted.  Mr.  D.  has  pre¬ 
served  a  juft  medium  between  thefe  extremes,  while  he  ob- 
ferves  an  accurate  and  methodical  arrangement.  He  make® 
us  acquainted  with  the  whole  of  the  productions  of  nature,  and 
the  method  of  ftudying  and  claffing  them,  choofing  for  ex¬ 
amples  in  every  feCtion  fuch  a®  are  moft  remarkable  for  their 
uffes  or  lingularily;  he  continually  excites  the  attention  and 
curiofity  of  his  pupils  ;  and  he  prefents  to  them  a  number  of 
fa&s  neceffary  to  be  known* 

In  this  work  Mr.  D.  has  adopted  an  arrangement,  the  reverie 
of  what  is  ufually  employed  in  books  of  natural  hiftory  ;  that 
is,  he  always  proceeds  from  the  mod  ftmple  to  the  moft  com¬ 
plex.  He  begins  with  unorganized  fubftances,  proceeds  hence 
to  plants,  and  laffly  to  animals;  and  in  thefe  he  commences 

*  Bulletin  des  Sciences,  No.  90,  p.  Sept.  >S04. 
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tiii  zoophytes,  and  ends  with  man.  This  arrangement  has  Its  advantages, 
tin*  advantage  of  infilling  ideas  gradually  into  the  mind  of  the 

n  O  n  y 

(cholar,  and  avoiding  a  number  of  repetitions  and  anticipations. 

1  he  iiiltory  of  organ ifed  iubltances  gives  him  an  idea  of  bodies 
nnmixed  with  any  other  ideas:  that  of  vegetables  (hows  him 
organization  and  life  in  their  moft  fjmple  ftate  :  and  thefe  he 
jxjrceives  gradually  become  more  complicated  as  he  afeends 
through  the  different  dalles  of  the  animal  kingdom,  fo  that  the 
hiltory  of  each  clafs  is  but  little  more  than  an  expofilioti  of 
the  organs  and  faculties  it  enjoys  beyond  thofe  of  the  pre¬ 
ceding. 

Though  the  difeuflion  of  any  new  idea  feems  contrary  to  the 
e (fence  of  an  elementary  work,  it  is  obvious,  that  fuch  a  work 
cannot  be  well  executed  but  by  a  man  capable  of  confidering 
the  whole  of  a  fcience  in  its  proper  point  of  view'.  In  this 
relpeCt  the  naturalift  will  here  read  with  pleaiure  the  article  of 
general  observations  placed  at  the  head  of  each  part :  he  will 
diftinguiflj  the  hiltory  of  inleds,  which  Mr.  D.  has  treated  Mr.  D.  his 
after  a  new  plan:  and  he  will  notice  the  chapter  on  man,  in  ^ted  th" 
which  the  author  difplays  the  phyfical  characters  that  diftinguifli  plan, 
man  from  brutes,  and  the  confequences  refpeCting  Ins  manners 
that  arife  from  his  very  ItruCture.  This  chapter  may  be  con- 
fidered  as  the  connecting  link  between  phyfics  and  meta- 
phylics. 

Elemens  de  l’Art  de  la  Teinture,  &c.  or  Elements  of  the  Art 
of  Dying;  zvitk  a  Defer  iption  of  the  Procefs  of  Bleaching  by  the 
ocugenated  Muriatic  Acid.  Second  Edition  :■  by  G.  L,  and 
A.  B.  Berthollet.  Paris . 

This  new  edition  of  a  work  of  the  firft  merit  and  celebrity  Berthollet 
is  fpoken  of  in  the  Foreign  Journals,  as  being  confiderably  d>'n£* 
improved  by  the  former  author  and  his  fon.  The  great  perf- 
picuity  and  order  which  are  feen  in  all  the  productions  of  this 
eminent  cbemift,  and  his  own  unremitted  labours  in  the  lci- 
ence,  are  a  fure  guarantee  to  the  fame  efFeCt. 

Conjiie  rat  ions  on  Organized  Beings.  By  J*  C.  Dela^etherie. 

The  lcience  of  natural  hiltory  is  indebted  to  M.  Delame-  Delametherie  pa 

organized 
being*. 

vantage  to  the  progrefs  of  human  knowledge.  Befides  the 
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Journal  de  Phyfique,  £cc.  of  which  he  is  the  editor,  he  hai 
publifhed  a  Theory  of  the  Earth  ;  a  Treatife  on  Man  ;  differ¬ 
ent  Phyfiological  Views  of  the  animal  and  vegetable  Kingdoms, 
on  Vital  Air,  &c.  In  this  new  work  the  author  compares  the 
ltructure  ot  animals  and  plants,  and  applies  to  vegetables  the 
different  fy  fie  ms  or  apparatuses  of  organs  and  vital  functions, 
which  X.  Bichat  has  propofed  in  his  General  Anatomy,  M. 
Delametherie  has  benetitted  by  the  experiments  and  labours  of 
leveral  philosophers  ot  merit.  All,  perhaps,  may  not  adopt 
tome  of  the  opinions  he  offers,  the  conqueft  of  minds  being 
If  ill  more  difficult  than  that  of  hearts;  but  they,  at  Ieafl,  de- 
lerve  examination,  and  may  lead  to  unexpe<5ted  refults. 

Bibliolheque  de  Sonini, 


To  CORRESPONDENTS. 

Aly  bf-Jt  acknowledgements  arc  due  to  Air,  D.  who  has  favoured 
this  work  with  a  precife  jla tenant  of  the  elucidation  of  Air.  Bos- 
w  ell’s  Jecond  proposition  ;  but  he  will  perceive  that  the  paper  of 
Air.  Gough,  which  was  already  printed  when  his  letter  came  to 
handt  has  rendered  it  unnecejjiiry. 

> 

l  believe  the  readers  of  this  Journal  will  think  with  me,  that  the 
difpute  between  C.  L.  and  Mr.  E.  Walker  has  proceeded  at 
leaf  as  far  as  the  interefis  of  fcience  demand.  In  a  letter  from 
C.  L.  before  me,  1  have  fuppofed  the  following  explanatory  Sen¬ 
tences  to  afford  no  new  ground  for  difcuffion,  and  therefore  ex- 
trad  them ,  and  hope  the  bufmefs  will  end  here.  C.  L  .fays  : 

“  /  cannot  conceive  how  cxprtffions  Jo  plain  could  be  in  if  an - 
11  derjlood,  and  hope  you  will  permit  me  to  endeavour  to  make 
"  them  plainer  if  pcffible.  I  have  denied  Mr.  Walker’s 
“  facts  ;  that  is,  l  have  denied  the  truth  of  his  narrative  refped- 
“  ing  certain  fuppofed  faffs,  and  I  have  pointed  out  an  eajy 
"  way  of  convincing  me  and  the  world  that  he  is  not  deceived ; 
“  namely,  that  you  Jhould  repeat  his  experiments ,  and  fee  if  what 
**  he  afferts  be  true.  But  Mr.  Walker  declines  examining 
“  the  remainder  of  my  letter,  which  is  an  indijlind,  though 
fufficiently  clear  way  of  faying,  that  he  does  not  chooje  to  rijk 
u  his  juppifed  facts  by  putting  them  to  fitch  a  trial  I* 
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JUNE,  1805. 


ARTICLE  I. 

Experiments  on  the  Gafes  obtained  by  the  defiru&.ive  Distillation, 
of  Wood,  Peat,  Pit-Coal,  Oil,  Wax,  %c.  with  a  View  to  the 
Theory  of  their  Combujlion,  when  employed  as  Sources  of 
artificial  Light ;  aud  including  Obfervations  on  Hydro- 
Carburets  in  general,  and  the  Carbonic  Oxide :  By  Mr . 

William  Henry.  (Communicated  by  the  Author.) 

ThE  gas  obtained  by  the  deftru&ive  diftillation  of  pit-coal,  Procefs  of  Me. 
has  become  an  object  of  confiderable  intereft  and  importance,  mjnate  by  ga* 
in  confequence  of  its  fuccefsful  application  (by  Mr.  Murdoch,  from  coal« 
of  Soho,  near  Birmingham*)  to  the  purpofe  of  affording  light. 

Having  conffru&ed  an  Argand’s  lamp  laft  winter,  with  the 

view  of  effecting  the  combuftion  of  the  gas  on  Mr.  Murdoch  s 

plan,  I  made  previous  trials  with  pure  hydrogen  gas,  with 

carburetted  hydrogen  obtained  by  paffing  water  over  ignited 

charcoal,  and  with  the  carbonic  oxide ;  but  found  that  each  Neither  hidro* 

of  them  burned  with  fo  trifling  a  production  of  light,  as  to  be 

altogether  unfit  for  the  purpofe  of  illumination  ;  while  the  light  notable  light  j 

evolved  by  the  gas  from  coal  was  little,  if  at  all,  inferior  to  b“a\tben^,‘rom 

equal  to  oil* 

*  See  the  ftatement  of  Mr.  M’s  claim  to  the  difeovery  in  the 
poftfeript. 
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that  from  good  fpermaceti  oil.  So  effential  a  difference  in  the 
combuftion  of  theft:  gafes,  induced  me  at  firtt  to  believe,  that 
the  gas  from  coal  owes  its  illuminating  property  to  fomething 
mechanically  tufpended  in  it ;  but  I  was  afterwards  fatisfied, 
that  though  it  contains,  when  recently  prepared,  much  that- 
This  lad  gas  is  (ubtequently  depofited,  yet  that  its  qualiiy  of  burning  with 
much  (though  a  bright  and  compact  (lame  belongs  to  it,  though  certainly 
diminifhed)  fight  with  contiderable  diminution,  as  a  permanent  gas,  after  the 

med  itshconden-  *eParat^n  all  condenfible  matter.  It  appeared,  therefore, 

fible  matter.  worthy  of  invell igation  to  determine,  on  what  the  fuperior 

fitnefs  of  the  gas  from  coal,  for  evolving  light,  depends  j  and 

to  connedt  the  theory  of  its  combuftion  with  that  of  other  fub- 

ftances,  commonly  employed  as  fources  of  artificial  light. 

Products  by  With  this  view,  na  .erous  comparative  experiments  were 

burning  die  gas  ma(je  on  the  rapid  combuftion  of  this  gas  with  oxigenous  gas 
from  coal  with  r  «  p 

oxigen  and  alio  hi  cloie  vetlels*  and  alio  on  that  of  other  inflammable  gafes ; 
other  gates.  and  their  competition  may  be  inferred  from  the  products  of 


thefe  experiments,  the  principal  refults  of  which  are  contained 
in  the  following  table  : 


...  —  to  ♦ 

Oxigen  Gas  required 

•  < 

to  faturate  100 

Carbonic  Acid 

Kind  of  Gas. 

Meafures. 

produced. 

Table  of  refults.  Pure  hydrogen. 

30  to  3d 

(las  from  moifi  charcoal. 

60 

35 

- wood  (oak) 

•  3d 

•  4 

33 

- dried  peat, 

68 

43 

- coal,  or  cannel 

,170 

LOO 

* -  lamp-oil. 

190 

1 2  L 

- wax. 

220 

137 

Pure  olefiant  gas. 

t 

CO 

CN 

179 

It  the  meafure 
of  carbonic  acid 
produced,  be  d1- 
d lifted  from  the 
whole  oxigen 
employed,  the 
remainder  will 
exprefs  the  mea¬ 
sure  of  oxigen 
which  was  em- 
p'oycd  in  burn¬ 
ing  the  hydrogen 
of  the  g 1  ;  and 
this  lift  doubled 
will  give  the 


Now  if  it  be  alfumed  (which  I  believe  is  as  nearly  as  pof- 
hbie  the  iafcl)  that  in  the  formation  of  each  meafure  of  carbonic 
acid,  in  the  above  experiments,  an  equal  volume  of  oxigen 
gas  is  employed*,  vve  fliall  learn,  by  deducing  the  numbers  in 

the 

*  Mr.  Cruickfhank  takes  it  for  granted,  as  the  bafis  of  his  cal¬ 
culations,  that  in  forming  fix  meafures  of  carbonic  acid,  i'even 
raeafures  of  oxigenous  gas  are  employed.  This  proportion  I  be¬ 
lieve  to  be  over-eftimated.  Dr.  Prieftley  obferves,  (on  Air,  2d 
Edition,  III.  377),  “  I  heated  84-  grains  of  perfect  charcoal  in  70 
ounce  meafures  of  dephlogifticated  air,  when  it  ftill  remained  70  02. 
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the  third  column  from  the  correfponding  one  in  the  fecond,  meafure  of  hy- 

Xvhat  proportion  of  the  conlumed  oxigen  has  been  allotted  to 

the  faturation  of  ihe  hydrogen  of  each  hydro-carburet,  Thus* 

for  example,  in  the  combuftion  of  the  gas  from  coal,  70  parts 

of  oxigen  have  difappeared,  betides  that  which  has  entered 

into  the  carbonic  acid ;  and,  fince  each  meafure  ot  oxigen 

faturates  two  of  hydrogen  gas,  the  gas  from  coal  muft  contain, 

in  100  meafures,  a  quantity  of  hydrogen  which,  expanded  to 

its  ufual  elafticity,  would  occupy  140  meafures.  By  a  timilar 

mode  of  eftimation,  the  quantity  of  hydrogen  in  other  fpecies 

of  inflammable  gas  maybe  afcertained  ;  viz.  by  fubtracfing 

the  number  in  the  third  from  the  correfponding  one  in  the 

fecond  column,  in  each  intiance,  and  doubling  the  remainder. 

The  above  experiments  fufficiently  explain  why  the  gas  Thefe  faas  ex* 

from  coal  evolves  fo  much  more  light,  during  combuftion,  fj^ination^^ 

than  either  hydrogen  or  the  hydro-carburet  from  moift  char-  from  the  coal 

coal,  becaufe,  in  an  equal  volume,  it  includes,  in  its  com-  bgreat^the2^ 

polition,  above  thrice  the  quantity  of  inflammable  matter  pre-  more  oxigen  is 

required  for  the 
combuftion. 

the  degree  of  combuftibility  of  each  gas,  by  the  quantity  of 
Oxigen  required  for  its  faturation,  entirely  agrees,  as  might 
naturally  be  expected,  with  that  founded  on  the  phenomena 
of  lilent  combuftion  in  an  Argand’s  lamp  ;  for  each  gas  feemed 
to  me  to  evolve  light,  as  nearly  as  could  be  judged,  in  pro¬ 
portion  to  the  quantity  of  oxigen  confumed  by  its  detonation 
in  a  clofe  veflel.  Above  all  others,  the  olefiant  gas  *  is  de¬ 
cidedly  entitled  to  rank,  by  the  fplendor  and  beauty  of  the 
light  which  it  yields;  and  the  violence  of  its  detonation,  when 
fired  with  a  mixture  of  oxigen  gas,  alfo  furpaffes  that  of 
every  other  inflammable  gas.  By  exploding  only  .03  of  a 
cubic  inch  with  .17  of  oxigen  gas,  a  ftrong  giafs  tube  was 

m.;  but,  after  wafhing  in  water,  was  reduced  to  40  02.  m.”  In 
this  experiment  one  grain  and  f  of  charcoal  was  conlutned,  and  30 
oz.  m.  of  carbonic  acid  were  generated,  without  any  change  in  the 
volume  of  the  oxigenous  gas. 

*  A  full  abftraft  of  the  memoir  of  MeflVs.  Deiman,  &c.  on  this 
intereflmg  gas,  may  be  feen  in  the  1  ft  "V  ol.  of  the  4to  Sciies  of  this 
Journal.  Its  chara&eriftic  property  is  that  of  being  rapidly  cun- 
denfed  into  oil,  by  conta&  with  oxigenized  muriatic  acid  gas. 

F  2  Shattered 


fent  in  hydrogen  gas,  and  nearly  thrice  as  much  as  is  con¬ 
tained  in  the  gas  from  moift  charcoal.  The  appreciation  of 
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of  an  inflamma¬ 
ble  gas  (freed 
from  carbonic 
acid)  is  a  teft  of 
its  fitnefs  to  af¬ 
ford  light. 


It  is  probable 


fluttered  with  violence;  and  a  Volta's  eudiometer,  |  of  nn 
inch  in  thicknefs  was  burft  by  lefs  than  a  cubic  inch  of  a  mix* 
Specific  gravity  lure  of  the  two  gates.  The  fpecific  gravity  of  the  inflamma¬ 
ble  gates,  when  perfectly  freed  from  carbonic  acid,  is  another 
competent  teft  of  their  fitnefs  as  fources  of  light.  Thus  the 
fpecific  gravity  of  the  gas  from  moift  charcoal,  (common  air 
being  1000)  according  to  Cruickfhank  is  480;  of  the  hydro- 
carburet  from  alcohol  520,  and  of  the  olefiant  gas,  as  deter¬ 
mined  by  the  Dutch  chemifts,  909. 

From  the  limitation  to  the  proportions,  in  which  bodies  in 

that  the  in  flam-  generag  having  a  fufcentibi'ity  of  chemical  union,  are  capa- 
mable  gates  are  °  J  r  ,  ,  .  r  .  ,  1 

mixtures  of  few  hie  or  combining,  it  teems  to  me  rcafonable  to  infer,  that  car- 

fimple  gates,  bon  and  hydrogen  do  not  unite  in  all  poftible  proportions,  form¬ 
ing  fo  many  diftinct  compounds;  but  that  the  various  inflam¬ 
mable  gales  are  mixtures  of  a  very  few  Ample  ones.  Of  thofe 
at  prefent  known,  pure  hydrogen  gas;  the  carburetted  hydro¬ 
gen,  which  by  combuftion  affords  an  equal  bulk  of  carbonic- 
acid,  and  continues  twice  its  bulk  of  oxigen ;  the  carbonic 
oxide;  and  the  olefiant  gas,  it  will  appear,  may  be  traced  in 
the  mixed  gafes  comprehended  in  the  forgoing  table.  The 
gas  from  coal  I  apprehend  to  be  principally  hydro-carburet, 
with  perhaps  fome  portion  of  carbonic  oxide,  the  prefence  of 
which  laft  is  rendered  probable,  becaule  the  gas  from  coal  is 
faturated  by  lefs  than  twice  its  bulk  of  oxigen,  though  it  gives 
an  equal  volume  of  carbonic  acid.  Now7  the  gas  from  marflies, 
which,  with  Mr.  Cruickfhank,  Mr.  Dalton  finds  to  be  hydro- 
carburet,  contaminated  with  about  20  per  cent,  azotic  gas,  con-* 
fumes,  making  allowance  for  this  adulteration,  double  its  vo¬ 
lume  of  oxigen  gas;  and  lince  the  gas  from  coal  requires  a  lefs 
proportion  than  this  of  oxigen,  and  yet  gives  an  equal  pro¬ 
duct  of  carbonic  acid  with  that  from  marflies,  it  is  fair  to  pre-* 
fume,  that  it  mud  previoufly  have  contained  fome  oxigen, 
which,  after  waffling  it  with  lime-water,  can  fubftft  in  no 
other  ftate  than  that  of  the  carbonic  oxide. 

Gas  from  ignited  The  gas  obtained  by  decompofing  water  over  ignited  char- 
charcoal  and  coal,  js  moft  probably  a  mixture  of  carbonic  oxide  with  hydro¬ 
carbonic  oxide  gen  gas>  ancl  perhaps  a  little  hydro-carburet.  On  no  othei* 
with  hydrogen  preemption  can  the  refults  of  its  combuftion  be  explained; 

dr o -carburet!7*  **ince  tlie  Ruantity  oxigen  required  in  faturating  100  meafures 
is  only  ten  more  than  are  confumed  by  100  meafures  of  pure 
hydrogen,  though  35  ra.  of  carbonic  acid,  containing  at  leaft 

35>  of 
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3.5  of  oxigen,  are  found  after  combuftion.  Now,  according 

to  Mr.  Cruickffiank,  thefe  35  m.  of  carbonic  acid,  if  formed 

from  carbonic  oxide,  would  require  only  15  additional  mea- 

fures  of  oxigen  gas,  which  is  not  very  remote  from  the  truth. 

Keaiuning  in  the  lame  mode,  the  gafes  from  wood  and  from  peafGafes  from 

will  appear  to  be  mixtures  in  different  proportions  of  two  at wood  and  fror” 

1  r  r  1  peat  contain  lets 

leaft  of  the  above-mentioned,  viz.  hydrogen,  and  the  carbo-0f  uncombined 

nie  oxide.  The  refults  of  the  combuftion  of  the  gafes  from  inflammable 

matter  than  the 

wood  and  peat  evince  that  they  diner  confiderably  from  tnat£oajsas# 
■obtained  from  coal;  and  contain  much  lefs  uncombined  in¬ 
flammable  matter.  Another  eircumftance  of  diftinction  alfo 
•is,  that,  before  being  wafhed  with  lime-liquor,  the  gas  recently 
prepared  from  wood  or  from  peat,  contains  from  f  to  f  its  bulk, 
of  carbonic  acid  ;  whereas  the  gas  from  coal  lofes  by  this  ab¬ 
lution  only  from  to  TrT.  *  In  my  fir  ft  experiment,  I  found 
a  large  admixture  of  azote  in  ail  thefe  gafes;  but  this  after¬ 
wards  proved  to  be  accidental  and  noteflential ;  fince  by  care¬ 
ful  diftillalion  in  glafs  retorts,  of  the  fubftances  that  afforded 
them,  the  gafes  were  obtained  entirely  free  from  this  conta¬ 
mination. 

The  gafes  obtained  by  the  deftrudtive  diftillation  of  oil  and  The  gafes  from 

of  wax,  it  may  be  obferved  in  the  table,  confume  confider-  0,1  Jnd  fi0m 
’  3  ^  _  wax  are  pure 

ably  more  oxigen  than  the  gas  from  coal.  This  circum fiance hydro-carburets, 

fir  ft  led  me  to  fufipect  that  they  might  poflibly  be  mixtures  0f  except  that  the 

•  i  J  j  i  i  J  nrft  contains 

the  olefiant  gas  with  carburetted  hydrogen;  and  on  apply- one-eighth  and 

ing  the  oxygenized  muriatic  acid  gas,  this  fufpicion  was  full\  c!'le  latter  one- 
verified.  One  meafure  of  the  gas  from  oil  with  one  of  thega^rth  olc^ant 
oxygenized  gas,  were  reduced  fpeedily  to  If ;  a  like  diminu¬ 
tion  was  produced  in  the  gas  from  tallow;  and  that  from  wax 
had  its  bulk  ftill  further  contracted,  only  If  m.  being  left  by 
fimilar  proportions. 

*The  condcnftble  products  alfo  of  coal  probably  differ  from  thofe 
of  wood  and  peat.  If  an  intermediate  veffel  be  placed  for  their 
reception,  it  emits,  after  the  diftillation,  a  ftrong  fmell  of  ammo¬ 
nia.  This  was  long  ago  ohlerved  by  Lord  Dundonald,  who  enu¬ 
merates,  among  other  products  of  coal,  the  volatile  alkali  (fee  a 
pamphlet  “  on  the  Ufes  and  Qualities  of  Coal  Tar,”  published  by 
his  Lordftiip  in  1785.)  This  production  of  ammonia  I  have  not 
obferved  from  peat  or  wood  ;  nor  do  I  find  it  mentioned  in  a  Hif- 
tory  of  Peat,  including  the  refults  of  its  diftillation,  &c.  publifhed 
in  die  lecon.d  vol.of  the  Edinburgh  “Efiays  Phyiicaiand  Literary.” 

5  In 
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In  order  to  afcertain  how  much  of  the  diminution  was  owing 
to  the  condenfation  of  olefiant  gas,  the  proportion  of  oxygen¬ 
ized  acid,  required  for  the  faturation  of  that  gas,  was  care¬ 
fully  afcertained.  After  feveral  trials,  it  was  found  that  3  tn.  of 
the  oxygenized  acid  with  2}  pure  olefiant  gas,  prepared  accord¬ 
ing  to  the  Dutch  chcmifts,  left  only  0.15  m.  of  common  air 
derived  from  the  vefiels.  It  appears,  therefore,  that  the  gas 
from  oil  and  from  tallow  contains  about  and  that  from  wax 
|  olefiant  gas,  the  reft  being  pure  hydro-carburet. 

Hence  it  is  fee  a  The  ret  u  1  ts  of  thefe  experiments,  in  connection  with  a  fa  ft 
why  wathing  di- communicated  to  me  by  Mr.  Dalton,  explain  fome  circum- 
^oduftof^car-  ftances  obferved  by  Mr.  Cruickfnank,  for  which  that  ingenious 
bor.ic  acid  af-  chemift  wfas  at  a  lofs  to  account,  viz.  the  great  variation  in 

forded  by  burn-  ^  procjUcts  of  carbonic  acid,  obtained  by  burning  the  fame 
mg  an  nydro-  1  J  ° 

carburet.  For  hydrocarburct  when  walbed  and  when  unwafhed,  or  when 

jt  takes  away  the  Jong  kept  in  contaft  with  water;  though  the  gas,  when  ori¬ 
ginally  procured,  was  perfectly  free  from  carbonic  acid.  The 
olefiant  gas,  Mr.  Dalton  has  afcertained,  is  far  more  abforb- 
able  by  water  than  other  fpecies  of  hydrocarburet,  viz.  in  the 
proportion  nearly  of  -g-.  Now  the  gas  from  camphor,  I  find 
to  contain  much  olefiant  gas,  and  indeed  this  might  have  been 
inferred  from  Mr.  Cruickfhank5s  own  flatement,  who  obferves 
that  this  gas,  by  admixture  with  oxygenized  muriatic  acid, 
undergoes  a  contiderable  diminution  of  bulk.  The  pure  hydro¬ 
carburet,  on  the  contrary,  I  have  never  feen  at  all  condenfed 
by  contaft  with  this  gas,  in  the  rapid  manner  obiervable  in 
olefiant  gas  or  mixtures  containing  it;  though,  by  confinement 
together  for  fome  hours,  they  are  mutually  decompofed  into 
Hydrocarburets  common  muriatic  acid,  carbonic  acid,  and  water.  The  hydro- 
from  ether  and  carburets from  ether  and  alcohol  alio  contain  olefiant  gas;  and 
tain  ol.  gas;  this,  I  apprehend,  will  be  found  to  be  the  faft  with  all  inflam- 
which  is  the  ^  mable  gafes,  which  by  combuftion  give  more  than  their  own 
fhe difference  in  bulk  of  carbonic  acid.  The  variable  produfts  of  carbonic 
earb.  acid  pro-  acid,  obtained  in  Mr,  Cruikfbank's  experiments,  from  equal 
quantities  of  different  hydrocarburets,  cannot,  therefore,  be 
confidcred  as  denoting  fo  many  diiiinft  fpecies  of  carburetted 
hydrogen;  but  as  owing  to  the  admixture  with  this  of  various 
proportions  of  olefiant  gas. 

It  will  not,  I  am  perfuaded,  be  regarded  as  indicating  a 
wifi)  to  detract,  in  the  fmalJeft  degree,  from  the  credit  due  to 

tioVef  carbu-tU "  Cruikfhank,  whofe  memoirs  on  the  hydrocarburets  and 

retted  hydrogen  C^rbOQtC 

gafes. 


d  u£;>  by  Mr. 
Cruikfhank. 


Xrror  ef  that 
author  refpeft 
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carbonic  oxide  I  edimatc  among  the  mod  ingenious,  and  ge¬ 
nerally  (peaking,  the  molt  fatisfq6tory  examples  of  chemical 
refearch,  if  I  obferve  that  the  part  of  his  table  (vol.  V.  p.  8 
o!  the  4to  feries  of  this  Journal)  which  relates  to  the  conditu- 
tion  of  the  carburetted  hydrogen  gafes,  I  consider  as  entirely 
erroneous.  To  excite  drong  fufpicion  of  the  accuracy  of  the 
proportions  affigned  to  thefe  gafes,  it  is  furely  lufficient  that 
one  of  them  (the  gas  from  moid  charcoal)  is  dated  to  contain 
in  100  cub.  in.  ~  1 4f  grains,  no  lefs  than  9  grains  of  water,  a 
proportion  absolutely  inconceivable;  and  the  fame  objection 
applies,  in  a  lefs  degree,  to  the  other  cafes.  Now  in  100 
cubic  inches  of  the  muriatic  acid  gas,  I  found  the  abfolute 
quantity  of  combined  water  to  be  only  1.4  gr.  (Phil.  Tranf. 
i  S00)  ;  and  it  is  rendered  highly  probable,  by  the  experiments 
of  Clement  and  Delorme  (Ann.  de  Chim.  XLTI.  121)  that  all 
gafes  contain  the  fame  quantity  of  water.  In  the  indance  of 
the  gas  from  charcoal,  Mr.  C.  was  mod  probably  milled,  by 
not  having  fufpeded  the  pretence  of  the  carbonic  oxide;  and 
the  correction  h  to  be  made  as  follows.  One  hundred  cubic 
inches  (  =  l4f  grains)  combined  with  the  proper  quantity  of 
oxigen,  gave  19  grains  of  carbonic  acid,  containing  very 
nearly  4  grains  of  carbon  ;  and  fuppofing  the  carbon  in  the  gas 
before  combudion  to  have  been  in  the  date  of  carbonic  oxide, 
it  would  be  combined  with  about  9  grains  of  oxygen,  and 
would  conftitute  13  gr.  or  43|  cub.  in.  of  carbonic  oxide. — - 
There  remains  then  only  if  grain,  of  the  14|  fubmitted  to 
experiment  to  be  accounted  tor,  which  is  very  exa&ly  made 
up  by  the  refiduary  57 §  cub.  in.  of  hydrogen  gas,  taking  the 
weight  of  100  cub.  in.  of  hidrogen  to  be  2.6  gr.  The  water 
contained  in  the  gas  may,  I  think,  be  fet  out  of  thequedion  ; 
for  it  mud  be  recolle&ed  that  the  product  of  the  combudion  is 
in  part  aeriform  ;  and  it  may  be  confidered  as  a  tolerable  ap¬ 
proximation  to  the  truth,  thatthegas  from  charcoal  contains, 
in  100  inches,  43  of  carbonic  oxide,  the  remainder  being 
principally  hydrogen  gas. 

With  refped  to  the  prefence  of  hydrogen  in  the  carbonic  Carbonic  oxide 

oxide,  which  has  been  a  topic  of  controverty,  neither  the  fad  does1I?ot  c??tain 

.  combined  hidro- 

nor  the  negative  can,  I  think,  be  at  prelent  with  certainty  af-gCn,  & c. 
firmed.  If  however  any  hydrogen  be  contained  in  it,  I  fhould 
deem  it  an  accidental  and  not  an  edential  ingredient,  and  am 
of  opinion  that,  if  prefent  at  all,  it  exids  in  the  date  of  hydro¬ 
gen 
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gen  gas;  for  I  find  that  the  carbonic  oxide  is  not  expanded  by 
eleftrical  difeharges,  which  would  afluredly  happen  if  the  car- 
bureited  hydrogen  were  one  of  its  conftituents,  or  accidentally 
mixed  with  it. 

1  o  return  to  the  theory  of  lamps,  &c.  it  is  proved  by  the 
preceding  experiments,  that  the  lubfiances  ordinarily  em¬ 
ployed  as  fources  of  artificial  light,  viz.  oil,  tallow,  and  wax, 
afford  when  fubmitted  to  an  increafed  temperature,  much  ole¬ 
fiant  gas;  and  it  has  been  jufily  obferved  by  the  editor  of  this 
Journal  ( 4-to  feries  I.  71)  “  that  the  wick  of  a  lamp  or  candle 
furrounded  by  flame  is  exa<51ly  in  the  fituation  of  a  body  ex- 
pofed  to  deffru&ive  difiillation  in  a  clofe  vefle!.-”  In  this  cafe 
the  feries  of  capillary  tubes  compofing  the  wick,  ferve  perhaps 
precifely  the  fame  office  as  a  tube  horizontally  difpofed  in  a 
heated  furnace,  through  which  an  inflammable  liquid  is  tranf- 
mitted.  I  he  fuel  previoufiy  melted,  is  drawn  up  into  thefe 
ignited  capillary  tubes,  and  there  refolved  into  olefiant  and 
carburetted  hydrogen  gafes,  from  the  combuftion  of  which 
gales,  and  not  merely  ot  a  condenfible  vapour,  it  appears  to 
me  that  the  illumination  chiefly  proceeds.  Hence  it  is  not  im¬ 
probable,  that  the  proportion  of  olefiant  gas  and  hydrocar- 
buret,  obtained  by  the  difiillation  of  any  fubfiance,  will  be  a 
tolerable  meafure  of  its  fitnefs  for  affording  light.  In  difiil- 
lations  of  this  kind,  however,  the  degree  of  heat  is  of  eon- 
fuierable  moment,  tor  I  have  found  that  the  olefiant  gas  may 
be  obtained  or  not,  at  pleafure,  during  the  decompofition  of 
ether,  alcohol,  oil,  &c.  by  varying  the  temperature  to  which 
the  containing  veffels  are  expofed. 

In  the  gafes  from  coal,  peat,  and  wood,  though  thefe  fub- 
ftances  yield  no  olefiant  gas,  the  defed  is  compenfated  by  an 
inflammable  vapour  diffufed  through  them  when  recent,  and 
which  is  even  not  removed  by  pafiing  through  a  final!  quantity 
of  water.  Gas  from  coal,  however,  which  had  flood  over 
water  upwards  of  a  month,  I  have  found  burns  with  confi, 
derably  impaired  brilliancy,  though  flil]  with  a  far  more  denfe 

and  bright  flame  than  hydrogen  gas,  or  the  gas  from  char¬ 
coal. 

» 

Manchejier,  May  4,  1S05, 
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POSTSCRIPT. 

Since  the  preceding  pages  were  written,  I  have  examined  gas  from 

*  oro  1,-11  •  coa’  appears  by 

a  frefh  portion  ot  the  gas  trom  coal,  obtained  by  very  cautious  eXp#  Wlty,  ox< 
diftiilation,  with  a  view  to  afcertain  whether  any  olefiant  gas  acid  gas  to^ 
can  be  procured  from  that  fubflance.  Ot  this  gas  five  measures  pOrtj0n  0f 
mixed  with  five  of  oxygenized  muriatic  acid,  were  reduced  togas, 
nine;  from  which  it  fhould  appear  that  the  gas  from  coal  may 
poffibly  contain  of  olefiant  gas.  The  produBion  ot  oil, 
however,  was  not  fo  manifefl  as  in  other  infiances;  and  I 
judged  it  to  have  happened  chiefly  becaufe  an  iridefcent  film 
was  vifible  on  the  furlace  of  the  water  when  held  between  the 
eye  and  the  light. 

I  am  enabled  alfo,  by  a  letter  received  this  mornirfg  from  a  Hiftoryof  Mr. 

friend  who  is  well  acquainted  with  the  progrels  of  Mr.  Mur-  Murdoch’s  ex- 

.  .  p e rime nts  for 

doch’s  experiments,  in  anlwer  to  tome  queries  from  me,  to  giving  light  hy 
date  fpecifically  the  grounds  of  that  gentleman’s  claim  to  the  §as  from  pit- 
important  application  of  coal  as  a  fource  of  artificial  light.— 

This  I  cannot  do  better  than  by  an  extrad  from  the  letter. 

**  In  the  year  1792,  at  which  time  Mr.  Murdoch  redded  at 
Redruth  in  Cornwall,  as  Boulton  and  Watts  principal  agent 
and  manager  of  engines  in  that  county,  he  commenced  a  fe- 
ries  of  experiments  upon  the  quantity  and  quality  of  the  gafes 
contained  in  different  fubflances.  In  the  courfe  of  thefe,  he 
remarked,  that  the  gas  obtained  by  di filiation  from  coal,  peat, 

W’ood,  and  other  inflammable  fubflances,  burnt  with  great 
brilliancy  upon  being  fet  fire  to;  and  it  occurred  to  him,  that 
by  confining  and  conducing  it  through  tubes,  it  might  be  em¬ 
ployed  as  an  economical  fubflitute  for  lamps  and  candles.  The 
diflillation  was  performed  in  iron  retorts,  and  the  gas  con¬ 
ducted  through  tinned  iron  and  copper  tubes,  to  the  diflance 
of  70  feet.  At  this  termination,  as  well  as  at  intermediate 
points,  the  gas  was  fet  fire  to,  as  it  palled  through  apertures 
of  different  diameters  and  forms,  purpofely  varied  with  a  view 
of  afcertaining  which  would  anfwer  beft.  In  fome,  the  gas 
ifl'ued  through  a  number  of  fmall  holes,  like  the  head  of  a  wa* 
tering  pan  ;  in  others  it  was  thrown  out  in  thin  long  fheets,  and 
again  in  others  in  circular  ones,  upon  the  principle  of  Argand’s 
lamp.  Bags  of  leather  and  of  varnifhed  fi|k,  bladders,  and 
veffels  of  tinned  iron  were  filled  with  the  gas,  which  was  fet 
ft  re  to,  and  carried  about  from  room  to  room,  with  a  view  of 

afcer- 
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afcertaining  how  far  it  could  be  made  to  anfwer  the  purpofe  of 
a  moveable  or  transferable  light.  Trials  were  likewile  made 
of  the  different  quantities  and  qualities  of  gas  produced  by- 
coals  of  various  defcriptions,  fuch  as  the  Swanfea,  Haverford- 
weft,  Newcaftle,  Shropfhire,  Stafford  th  ire,  and  fome  kinds 
of  Scotch  coals.” 


“  Mr.  Murdoch's  conftant  occupations  prevented  his  giving 


availed  himfelf  of  a  moment  of  leifure  to  repeat  his  experi¬ 
ments  upon  coal  and  peat,  at  Old  Cumnock  in  Ayrshire  in 
1797  ;  and  it  may  be  proper  to  notice  that  both  thefe,  and  the 
former  ones,  were  exhibited  to  numerous  fpecfators,  who,  if 
necetfary,  can  atteft  them.  In  1798,  he  conftru&ed  an  ap¬ 
paratus  at  Soho  Foundry,  which  was  applied  during  many  fuc- 
ceffive  nights,  to  the  lighting  of  the  building;  when  the  ex¬ 
periments  upon  different  apertures  were  repeated  and  ex¬ 
tended  upon  a  large  fcale.  Various  methods  were  alfo  prac¬ 
ticed  of  waffling  and  purifying  the  air,  to  get  rid  of  thefmoke 
and  fmelj.  Thefe  experiments  were  continued,  with  occa- 
fional  interruptions,  until  the  epoch  of  the  peace  in  the  fpring 
of  1802,  when  the  illumination  of  the  Soho  manufactory  af¬ 
forded  an  opportunity  of  making  a  public  difpiay  of  the  new 
lights;  and  they  were  made  to  conliitufe  a  principal  feature  in 
that  exhibition.  I  do  not  know  exactly  at  what  time  the  firli 

J 

trials  were  made,  or  publifhed  in  France.  The  firft  notice 
we  received  of  them  here,  was  in  a  letter  from  a  friend  at 
Paris,  dated  the  81  h  of  Nov.  1801,  in  which  he  defires  me 
to  inform  Mr.  Murdoch,  that  a  perfon  had  lighted  up  hishoufe 
and  gardens  with  the  gas  obtained  from  wood  and  coal,  and 
had  it  in  contemplation  to  light  up  the  city  of  Paris.” 

“  After  mentioning  the  above,  I  think  it  is  proper  to  (fate 
alio,  that  in  the  ovens  conftruded  upon  Lord  Dundonald’s  plan, 
at  Calcutts  in  Shropfhire,  for  the  purpofe  of  faving  the  tar, 
&e.  which  efcapes  during  the  coaking  of  coal,  it  has  been 
ufual  for  a  number  of  years  patl  to  fet  fire  to  the  large  current 
of  gas  as  it  flies  off,  and  thus  procure  a  bright  illumination. 
This  however  was  not  known  lo  Mr.  Murdoch,  and  was  ne¬ 
ver  feen  by  him,’' 


Eipcri- 
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II. 

Experiments  on  the  Analyfis  of  Goulard’s  Extra  ft,  or  the  Aqm 
Lithargyri  acetdti.  By  John  Bostock,  M.  D.  Commu¬ 
nicated  by  the  Author. 


To  Mr.  NICHOLSON. 

Dear  Sir. 


I  HAVE  the  pleafure  to  tranfmit  to  you  Tome  experiments 
on  the  anal)  (is  of  Goulard’s  extraft,  which  I  hope  you  may 
think  riot  unworthy  of  a  place  in  your  Journal. 

I  am.  Sir, 

Your  obedient  Servant, 

Liverpool ,  JOHN  BOSTOCK. 

May  5,  1805. 


During:  the  courfe  of  fome  experiments  on  the  analyfis  of  The  extract  of 

i  rr  o  c  ,1  7*  Goulard  coagu- 

animal  fluids,  I  was  led  to  ob,erve  the  effect  or  the  ucjua  li-  mucilage 

thargyri  acetati,  or  the  extract  of  Goulard,  as  a  coagulator  more  than  the 
of  mucus,  and  particularly  to  notice  the  fuperiority  of  its  power  acetate  0  ea  * 
over  that  of  the  acetate  of  lead.  From  thele  circumftances  I 
was  induced  to  examine  into  the  opinions  that  had  been  enter¬ 
tained  refpe6ling  its  compolition,  but  was  not  able  to  obtain 
any  fatisfa&ory  information.  Although  it  is  a  compound  fo 
well  known,  and  fo  frequently  employed,  it  appears  never  to 
have  been  made  the  fubject  of  chemical  analyfis.  In  Dr.  it  has  not  been 
Thomfom’s  Syftem  of  Chemiftry  it  is  not  diftinguifhed  from  cammed, 
the  common  acetate  of  lead;*  Dr.  Murray  informs  us,  that 
%<  it  is  merely  a  folution  of  acetate  of  lead  in  water,  with  an 


<r  excefs  of  acid;  and  Dr.  Duncan,  Jun.  conceives,  that 
it  does  not  differ  from  a  folution  of  the  acetate  of  lead  of  the 
fame  (Length.  *  We  meet  with  nothing  fpecific  refpedting  its 
conffitution  in  M.  Fourcroy’s  “  Syjleme”,  §  nor  is  there  any 
light  thrown  upon  it  by  his  acute  commentator  Proud,  jj  In 
this  dearth  of  information,  I  proceeded  to  make  the  following 
experiments. 


*Chem.  III.  52.  f  Mat.  Med.  II.  223.  J  Edin.  Difp.  p.  506 
§  VIII.  203.  11  Journ.  Phyf.  LVI.  207. 
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Experiments  on 
its  compolition. 
The  common 
acetate  of  lead 
wat  diffolved  in 
v-atet". 


This  was  pre- 


1 .  To  200  grains  of  diftilled  water  were  added  60  grains  of 
acetate  of  lead,  in  its  ufual  cryftalline  date;  the  fluid  was  kept 
for  about  an  hour  at  the  boiling  temperature,  and  was  after* 
wards  filtered.  The  refldue,  when  dried,  did  not  amount  to 
more  than  2  grains;  this  was  boiled  in  a  (refit  quantity  of  water, 
when  about  half  of  it  was  diffolved,  but  one  grain  dill  re¬ 
mained  not  adted  upon  by  the  water.  It  appeared,  therefore, 
that  a  faturated  folution  of  the  acetate  of  lead  was  formed;  it 
was  transparent  and  colourlefs;  it  flightly  reddened  paper 
liained  with  litmus. 

2.  A  folution  of  the  carbonate  of  pofafli  was  prepared,  in  the 
eipitated  by  car-  proportion  of  11.25  grains  of  polafh  to  100  grains  of  water. 

sTgavVeleven  ^  grains  of  the  folut  ion  of  the  acetate  of  lead  from  No. 
parts  carbonate  a  quantity  of  this  folution  of  polafh  was  gradually  added ;  a 
**  copious  precipitate  of  the  carbonate  of  lead  was  produced  ; 

after  the  addition  of  60  grains  of  the  alcaline  folution  there 
was  no  farther  precipitation,  and  the  fluid  flightly  affected  a 
paper  foaked  in  the  infufion  of  the  mallow  flower.  The  pre¬ 
cipitate  was  carefully  collected,  and  being  dried  by  a  gentle 
heat,  afforded  eight  grains  of  carbonate  of  lead, 

Goulard’s  ex-  3.  forty  grains  of  aqua  liihargyri  acetati  were  treated  in 

tract  gave  eleven  the  fame  manner  with  the  carbonate  of  potafh  ;  the  precipitate 
pans  carbonate  c  .  .  t  *  _  . 

ofiead.  formed  appeared  more  copious  than  in  the  former  experiment, 

and  after  the  addition  of  40  grains  only  of  the  alkali,  no  farther 
efTedi  feemed  to  be  produced ;  the  fluid  affected  the  mallow- 
paper  in  the  fame  degree  as  in  the  former  experiment.  The 
precipitate,  being  collected  and  dried,  weighed  1  1  grains. 

It  did  not  red-  4.  The  aqua  Uthargj/ri  acetati  did  not  in  any  degree  redden 
den  litmus  paper.  litmus  paper;  a  few  drops  of  it  were  added  to  half  an  ounce 

with  n tmus  Tn-  die  “Tufion  litmus ;  a  precipitate  of  a  beautiful  light 

fufion,  blue  was  immediately  formed,  while  the  fluid  was  left  trans¬ 

parent  and  nearly  colourlefs. 

The  folution  of  Twenty  grains  of  the  folution  of  acetate  of  lead,  No.  1, 

acetate  gave  4gr.  Were  (lowly  evaporated ;  the  fluid  became  extremely  vifcid, 
anC*  al  ^en£lh'  *n  f°me  deSree>  brittle  and  tranfparent,  and  uf- 
fumed  the  appearance  of  dried  gum.  It  weighed  about  four 
grains. 

Aqualith.  acet*  6.  Twenty  grains  of  the  aqua  liihargyri  acetati  were  eva- 

T'k  5  efid WhltC  Porat€c*  'n  die  ^ame  1Tianner5  ]t  became  white  and  opake,  and 
*  1  ‘  when  the  procefs  was  completed,  it  exhibited  the  appearance 

of  a  number  of  feales  of  a  pearl  colour.  It  weighed  a  little 
more  than  five  grains. 
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?.  A  fol u t ion  of  gum  Arabic  was  formed,  in  the  proportion  Gumprecipj- 
ot  one  part  of  gum  to  100  parts  of  water.  One  grain  of  this  [^d’s extras" 
fo!  ution  was  added  to  39  grains  of  water,  fo  that  the  gum  only 
conftituted  part  of  thefolution;  a  fingle  grain  of  Gou¬ 
lard  d  ropped  into  it  produced  a  perceptible  opacity. 

8.  Twenty  grains  of  the  faturated  folution  of  the  acetate  of — but  fcarcely  fey 
lead,  had  one  grain  of  the  folution  of  gum  added;  the  effect  acetate  °*  leac!» 
was  barely  vifible,  certainly  lefs  than  in  the  former  experi- 
znent. 

I  am  far  from  confidering  thefe  experiments  as  fufficient  to 
afford  a  complete  inveftigation  of  the  fubjedf  ;  but  I  think  they 
may  enable  us  to  make  fome  advances  towards  the  truth. 

The  40  grains  of  the  folution  No.  f.  contain  1  1.6  grains  of  Forty  grains 
acetate  of  lead;  by  the  addition  of  the  alcali,  this  was  con-  acetate  contain 
verted  into  eigh»  grains  of  the  carbonate  of  lead.  Thefe  eight  jjc  mCt^ 
grains  of  carbonate  confift  of  6. 72  grains  of  the  yellow  oxide, 
and  1.28  grains  of  carbonic  acid.*  The  6.72  grains  of  yellow 
oxide  confift  of  6.1 2  grains  of  pure  lead,  and  .6  grains  of  ox- 
igen,  +  fo  that  the  40  grains  of  the  faturated  folution  contain 
a  little  more  than  6  grains  of  pure  lead. 

By  employing  the  fame  reafoning  to  the  analogous  experi-  Forty  grains 
inent  with  Goulard,  we  may  conclude,  that  the  11  grains  of contain 
carbonate  produced  in  this  cafe,  confift  of  9.24  grains  of  the  a 
yellow  oxide  of  lead,  and  1.76  grains  of  carbonic  acid;  the 
9.24  grains  of  oxide  will  be  compofed  of  8.4  grains  of  pure 
lead,  and  .84  grains  of  oxigen,  fo  that  the  40  grains  of  the 
aqua  litKargyri  acetati  contain  nearly  8|  grains  of  pure  lead. 

We  (hall  not  find  it  fo  eafy  to  afcertain  precifely  the  quail-  DedudHon  of 
tity  of  acetic  acid  which  enters  into  the  compofition  of  the  die  refpe&ive 
acetate  of  lead,  and  the  aqua  lithargyri  acetati  refpe&ively ;  ^cUj^mies 
but  if  we  truft  to  the  experiments  of  M.  Thenard  |,  we  mud 
conclude  that  11.6  grains  of  acetate  of  lead,  contain  about 
three  grains  of  the  acetic  acid.  The  quantity  of  acid  in  the 
aq.  litk ,  acet.  is  lefs  than  that  in  the  acetate  of  lead,  in  the  pro¬ 
portion  ot  40  to  60;  therefore  the  40  grains  of  aq ,  lith.  accf. 
will  only  contain  two  grains  of  acid. 

Hence  it  follows,  that  40  grains  of  the  folution  of  acetate  of  Component  parts, 
lead  confift  of,  °*  eac*Vl* 


*  Thomfoo's  Chem.  III.  50.  f  Prouft,  Joum.  de  Phyf. 
LVI.  2Q6.  X  Nich.  Journ.  VI,  223. 
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Grs. 

Lead  -  -  6.12 

Acetic  Acid  3. 
Oxygene  .6 
Water  30  2S 


The  fame  quantity 
of  Goulard  will 
con  lilt  of  •  - 


G  r?i 

{Lead  8.4. 

Acid  2. 

Oxygene  .84 
Water  28.76 


mOO  40.00 

converting  thefe  proportions  into  quantities  of  100  grains 
each  they  will  be  as  follows, 

Sol.  acet.  lead. 

Lead  -  -  -  15.3 

Acetic  acid  -  7.5 

Oxygene  -  1.5 

Water  -  -  75.7 


Aq.  lith,  acet. 
21. 

5. 

2.1 

71.9 


100.0  100.0 

Th'  ex  'n-i  From  this  flatement  it  appears,  that  in  the  aq.  lith.  acet.  the 

merits  fhcw  that  oxide  of  lead  and  the  acid  exit!  to  each  other  in  the  propor- 
Goulard  and  the  t|Qn  ^3  to  5,  or  of  100  to  21.74,  and  we  find  that  M. 

acetate  are  diner-  _  r  ,  ,  r 

entfalts.  Thenard  has  defcribed  the  perfect  acetate  ot  lead,  as  a  lalt 

in  which  the  oxide  and  the  acid  exifi  in  the  proportion  of  100 
to  21.79.  So  near  a  coincidence  between  thele  two  propor¬ 
tions  can  fcarcely  be  regarded  as  the  mere  effect  of  accident ; 
but  mult  rather  be  confidered  as  a  proof  that  the  fubdances 
operated  upon  were  nearly,  if  not  altogether,  identical.  Ad- 
Th'’  former  witting  this  to  be  the  cafe,  we  mud  conclude  that  the  aqua  li» 
being  at  fatura-  thargyri  acetati  is  a  faturated  folution  of  the  proper  acetate  of 
tlon»  lead,  that  it  is  an  effentially  different  fait  from  the  fuper-ace- 

— and  the  latter  tate  of  lead,  and  that  it  is  not,  as  has  been  imagined,  an  acci- 
a fuper-acetare.  (jen^af  compound,  but  an  exa&Iy  neutralized  lalt,  the  condi- 
tuents  of  which  exid  in  a  condant  ratio  to  each  other. 

It  happens  in  this,  as  in  other  indances,  that  the  ingredients 
compoiing  the  completely  faturated  compound,  poffefs  a  weaker 
affinity  for  each  other  than  when  they  exid  in  a  different  pro¬ 
portion.  To  this  circumftance  mud  be  attributed  the  fuperior 
foie  a  better  tell  deliCaCy  which  Goulard  pofleffes,  as  a  ted  of  animal  and  ve- 
it  mu*, u-.  getable  mucus,  over  the  fuper-acetate  of  lead,  or  the  common 
cerujfa  acetata.  The  aqua  lit  liar zyri  acetati  is  fpeedily  decorn- 
pofed  by  the  action  of  the  atmofphere,  in  Confequence  of  the 
oxide  of  lead  which  enters  into  its  compofition  having  a 
dronger  affinity  for  carbonic  than  for  acetic  acid;  this  effect 
takes  place  in  a  lefs  degree,  it)  a  faturated  folution  of  fuper- 
acetate  of  lead. 

i  From 


The  neutral 
compound  is 
rooft  eafily  de- 
compofed, 

— and  is  there- 
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From  the  firft  experiment  vve  learn,  that  the  fuper-aeetate  Super-acetate  of1 
vt  lead  is  more  foluhle  in  water  than  is  generally  imagined  ;  | han ' ge ncratly^^ 
Dr.  Thornton  obferves,  that  it  is  ditTolved  only  tparingly  *;  yet  fuppolcd. 
we  find  that  100  pails  of  water  retain  in  lolution  27  parts  of 
the  talt. 


III. 

A  concife  Vieiv  of  the  Theory  of  Bejpiration.  By 
W.  Brande7,  Efq.  (From  the  Author.) 

nr 

i  HE  term  refpiration  implies  the  reception  of  atmofpheric  Refpiration, 
air  into  the  lungs,  and  its  fubfequent  emiftion,  after  having 
produced  changes  in  the  blood  necetfary  to  the  continuance  of 
life  f. 

No  other  gafeous  body  being  capable  of  producing  thefe  could  not  be  ex¬ 
changes,  it  was  natural  to  fuppofe,  that  until  we  became  ac-  atmoi'TelVwL 
quainted  with  the  component  parts  of  the  atmofphere,  very  analyfed. 
little  of  the  true  nature  of  refpiration  could  be  underftood. 

The  fit  ft  great  ftep  towards  the  analyfis  of  the  air  was  made  Difcoveriesof 
by  Dr.  Prieftley,  who  in  the  year  1774  difcovered  oxigen  gas, 
called  by  .him  dephlogifticated  air.  But  we  are  indebted  to  an(*  Lavoi&ex. 
Lavoifier  for  the  moft  accurate  inveftigation  on  this  fubjedt  ; 
who  from  many  experiments,  which  it  is  not  neceffary  here  to 
relate,  concluded  that  atmofpheric  air  was  compofed  of  oxi¬ 
gen  and  azot,  in  the  proportion  of  about  27  parts  of  the  former 
to  73  of  the  latter.  The  air  alfo  contains  a  fmall  quantity  of 
carbonic  acid,  and  a  confiderable  quantity  of  water  (fubjedt 
however  to  much  variation)  is  always  fufpended  by  it. 

Some  of  the  gales  are  totally  unrefpirable,  that  is  to  fay.  Gas  which  cast- 
incapable  (ft  being  taken  into  the  lungs;.  for  whenever  this  i>s  not  jjeyefpired# 
attempted,  a  fpalmodic  affection  of  the  epiglottis  takes  place,  the  lungs, 
which  by  clofing  on  the  Jarynx,  Ihuts  up  all  communication 
with  the  organs  of  refpiration.  To  this  clals  belong  all  thofe 

*  Thomfon’s  Chemiftry,  III.  53. 

f  Refpiration  has  been  divided  into,  1.  Infpiration,  or  the  in- 
yets  of  air  into  the  cells  of  the  lungs,  caufed  by  the  enlargement 
of  the  cavity  of  the  cheft  ;  2.  Into  expiration,  or  the  egref's  of  air 
from  the  lungs,  caufed  by  the  contraction  of  the  cheft. 
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Itseft’e&s;  as 
defcribed  bv  Pi- 

4 

latre  de  Rozier. 


gafeous  bodies  poflefled  of  acid  properties.  The  effects  of 
carbonic  acid  are  described  as  follows  by  Pilatre  de  Rozier:  — 
He  went  into  a  brewer's  tub  which  was  full  of  carbonic  acid 
gas;  he  at  firft  felt  a  flight  heat  throughout  his  whole  body, 
which  produced  a  gentle  perfpiration ;  an  itching  fenlation 
frequently  obliged  him  to  clofe  his  eyes,  and  on  attempting  to 
breathe,  he  was  prevented  by  a  very  violent  fenfe  of  fuffocation. 
He  wilhed  to  get  out  of  the  tub,  but  being  unable  to  find 
tlie  ladder,  the  necelTity  of  breathing  increafed,  he  was  feized 
with  a  violent  giddinefs,  and  felt  a  tingling  fenlation  in  his 
ears.  He  at  length  contrived  to  extricate  himfelf,  and  al¬ 
though  he  then  experienced  no  difficulty  in  breathing,  he  was 
unable  to  diftinguifh  the  objects  around  him  ;  his  hearing  was 
alfo  much  impaired.  On  repeating  the  experiment  he  found, 
that  as  long  as  he  remained  without  attempting  to  breathe,  he 
could  readily  move  or  even  (peak,  but  whenever  he  tried  in- 
fpiration,  a  violent  fenfe  of  fuffocatioh  came  on. 

Cafes  which  can  But  there  arc  certain  gafeous  bodies  which  may  be  drawn 
thMungstCd  int°  *nlt>  lungs#  meeting  with  no  oppofition  from  the  organs  of 
refpiration.  Dr.  Thomfon  has  divided  thete  into  four  dalles. 
The  firft  fet,  he  obferves,  occafion  immediate  death,  but  pro¬ 
duce  no  vifible  change  in  the  blood  ;  they  occafion  the  ani¬ 
mal's  death,  merely  by  depriving  him  of  air,  in  the  fame 
Hydrogen  and  manner  as  were  he  immerfed  in  water  :  the  only  gafes  belong- 

fZff  ^ation  1-0  C^a,rS  arC  ^rogen  and  azot.  The  fecond  fet  occa¬ 

fion  immediate  death  alfo,  but  at  the  fame  time  produce  cer¬ 
tain  alterations  in  the  blood;  and  therefore  kill,  not  only  by 
depriving  the  animal  of  air,  but  by  certain  fpecific  properties; 
Gafes  which  kill  the  gafes  belonging  to  this  clafs  are,  carburelted  hydrogen* 
a  adtion  P°^"  Sulphuretted  hydrogen,  carbonic  oxide,  and  perhaps  alfo  ni¬ 
trous  gas.  The  third  fet  of  gafes  may  be  breathed  for  fome 
time  without  injury,  but  death  enfues  at  lall,  provided  their 
Nitrous  oxide  a£tion  be  long  enough  continued  :  to  this  clafs  belong  the  ni- 

and  oxigan  kill  lrous  oxide  and  oxigen  gas.  The  fourth  fet  may  be  breathed 
by  a  flower  ac-  ,  r  .  .  ,  .  .  .  i  /  ,  ,  , 

tlon.  any  length  or  time  without  injury  :  the  only  galeous  body  be- 

Atmofpheric  air  longing  to  this  clals,  is  the  air  of  the  atmofphere,  that  com- 

maintains  life.  p0uncj  0f  oxigen  and  azot  every  where  furrounding  the  globe. 

This  compound  After  an  animal  lias  breathed  a  certain  quantity  of  air  for  a 

fluid  lofes  its  ox-  ~jven  time,  it  becomes  totally  unfit  for  refpiration  ;  and  if  thfe* 

igen  by  tnatpro- °  .  ,  r  7 

cef?>  air  thus  reipired  be  chemically  examined,  we  fiiall  find  that 

and  carbonic  acid  the  oxigen  is  greatly  diminiflied,  and  that  a  conliderable  quan- 
gas  is  produced.  ^  of  carbonic  acid  gas  has  beoo  produced. 

It 
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it  appears  from  a  number  of  experiments  made  by  Dr.  Hales*  The  number  of 
Dr.  Menzies,  and  Mr.  Davy,  that  the  number  of  refpirations  [n^rninute'vary 
made  in  a  given  time,  as  well  as  the  quantity  of  air  taken  in  different  per- 
into  the  lungs*  are  liable  to  confiderable  variations  in  different  {rom  to 
people.  Some  have  calculated  the  number  of  refpirations  at  commonly  about 
14  only  in  a  minute,  others  at  20;  Mr.  Davy  informs  us  that2,0* 
he  makes  26  or  27  in  a  minute  ;  but  having  frequently  endea¬ 
voured  to  count  the  refpirations  made  by  different  people,  in  a 
given  time,  and  without  their  knowledge,  I  have  found  them 
vary  from  IS  to  26  in  a  minute,  mod  commonly,  however,  20 
or  21  ;  and  21  in  a  minute  make.  30,240  in  24  hours. 

The  quantity  of  air  taken  in  at  each  refpiration,  muff  be  Each  refpiratioi 
in  proportion  to  the  fize  of  the  perfon  and  the  capacity  of  his  cubic  mche^of’ 
lungs.  About  41  cubic  inches  of  air  are  taken  in  at  every  na-air. 
tural  infpiration. 

We  now  come  to  confider  the  changes  which  are  produced.  Phenomena  of 
both  in  the  air  and  blood,  by  refpiration.  1.  On  the  changes refPiratlon* 
effected  in  the  air.  Dr.  Prieftley,  M.  Lavoifier,  and  Mr. 

Davy,  have  furnifhed  us  with  many  interefting  and  inftruflive 
experiments  on  this  fubjedt.  The  changes  are,  1.  That  a  Some  air  difap- 
portton  of  the  air  difappears ;  2.  That  the  air  expired  differs  pears \  abouC  . 
from  that  fir  ft  taken  into  the  lungs,  in  containing  carbonic  and  the  expired 
acid,  and  water  in  the  ftate  of  vapour.  Dr.  Menzies  has air  13  a*tere5*‘ 
(hewn,  that  ^th  of  the  air  infpired  difappears  in  the  lungs, 
and  the  experiments  of  Lavoifier,  which  were  made  with 
much  precifion,  differ  but  little  from  the  above  ftatement,  I 
never  knew  the  quantity  of  air  which  difappears  to  be  lefs 
than  Ty-th  part  of  the  whole  taken  into  the  lungs ;  this  may 
however  be  liable  to  variation  in  different  people. 

It  has  hitherto  been  fuppofed  that  the  portion  of  air  which  The  abforbed  afr 
difappears,  conftfts  of  the  oxigen  only;  Mr.  Dax^y  has,  how- ^a®^b°ught  jto 
ever,  given  fome  very  ftrong  reafons  for  fuppofing  that  part 
of  the  azote  likewife  difappears  during  refpiration.  He  fup- but  appears  tobte 
pofes  that  the  average  quantity  of  air  which  is  abforbed  at in  part  a20t* 
every  refpiration,  amounts  to  1.4  cubic  inches*  of  which  0.2 
are  azot  and  1.2  oxigen. 

Lime-water  detects  carbonic  acid  gas  in  the  air  emitted  The  emit t6 4 air 
from  the  lungs,  and  the  quantity  of  this  gas  may  eafily  bfe  efti-^tain8carbwn^ 
mated,  by  receiving  the  air  expired  into  a  graduated  glals 
jar,  ftanding  over  mercury  ;  a  little  cauftic  foda  being  intro¬ 
duced,  the  abforption  which  takes  place  denotes  the  quantity 
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alfo  emitted  ; 


in  quantity  va¬ 
riable* 


ol  carbonic  acid.  Lavoifier  has  eftimated  the  quantity  of  this 
gas  thrown  out  from  the  lungs  in  24  hours,  at  about  15.5 
ounces  tioy.  Mr.  Davy  makes  the  quantit'  thrown  out  in  the 
dftrmt  one  cubic  lame  time,  amount  to  37  ounces,  which  is  about  1  cubic  inch 

•  i  i  • 

ration aC  1  tX‘M"  every  expiration  *.  The  quantity  however  varies  from  0.5 
cubic  inch  to  1.5  at  different  limes  in  the  lame  per  ton,  jo  that 
But  this  varies,  this  accounts  lor  the  great  variation  in  the  above-mentioned 
experiments.  Moreover  the  proportion  varies,  in  the  lame 
individual,  during  the  24  hours;  tor  1  have  tound  the  quan¬ 
tity  of  carbonic  acid  gas  emitted  from  my  own  lungs,  to  be 
rather  lets  in  the  morning  than  towards  the  evening  ;  but  this 
alio  varies  in  different  people. 

Aqueous  vapour  But  watery  vapour  is  alio  emitted  in  refpiration,  the  greateft 
part  of  which  is  probably  given  off  by  the  exhalent  arteries, 
which  are  fo  copiouflv  difperfed  on  the  furface  of  the  lungs. 
A  part  is  alio  emitted  from  the  blood  in  the  pulmonary  veffels. 

The  eftimaliqn  of  its  quantity  is  attended  with  fome  diffi¬ 
culty  ;  acccording  to  Dr.  Hales  it  amounts  in  a  day  to  20 
ounces:  this  is  however  but  of  little  confequence,  for  it  is 
liable  to  much  alteration. 

More  important  changes  however  than  thofe  juft  mentioned 
are  produced  by  refpiration,  namely,  the  alterations  produced 
in  the  blood  ;  which  fluid,  returning  from  every  part  of  the 
body  by  the  veins,  is  poured  into  the  heart ;  from  whence, 
being  propelled  through  the  lungs,  it  is  brought  into  contact 
with  the  air,  undergoing  certain  changes  which  render  it  fit 
for  the  nourifhment  and  i'upport  of  the  body.  Thefe  changes, 
which  are  of  a  very  complicated  nature,  have  engaged  the 
attention  of  feveral  learned  and  ingenious  philosophers.  Dr, 
Thbmfon  has  enumerated  them  as  follows:  }.  The  blood  ab- 
lorbs  air.  2.  It  acquires  a  florid  red  colour,  and  the  chyle  dif- 
bonic  acid ;  and  appears.  3.  It  emits  Carbonic  acid,  and  perhaps  carbon.  4. 

emits  water,  and  perhaps  hydrogen.  Dr.  Prieftlev,  M. 
Lavoifier,  and  Lagrange,  have  each  adopted  a  different  the- 
Varioustbcorics.  orv,  by  which  they  endeavour  to  explain  and  account  for  thefe 
changes  produced  by  refpiration:  they  are  all  however  liable 
to  confiderable  objections,  and  reft  merely  on  the  luppofition 
that  the  oxigen  is  alone  abforbed.  Now'  Mr.  Davy  has 
flUewn,  that  at  leaft  a  portion  of  the  azot  difappears  in  the 


The  blood  un¬ 
dergoes  impor¬ 
tant  changes 
duiing  refpira¬ 
tion. 


It  abforbs  air; 
becomes  florid 
red;  emits  car- 


Davy’s  RcTearches,  page  433. 
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lungs  :  he  has  even  rendered  it  very  probable  that  the  air  is 

not  decompofed,  but  that  it  is  abforbed  unaltered  by  the 

blood  ;  that  it  is  decoin  poled  during  circulation  ;  and  that  the 

ufelets  portion  of  azot  is  again  given  out.  The  following  Mr.  Davy  ap- 

fadts  are  in  fupport  of  this  opinion  :  “  When  the  gafeous  oxidep abends  that 

.  ......  &  azot  IS  abforbed 

or  azot  is  refpired,  its  quantity  is  diminimed,  carbonic  acid  with  the  oxigen, 

gas  is  evolved  as  utual,  and  a  quantity  of  azot  makes  its  ap-&c* 

,,  ,  .  ,  .  -nr  i  •  '  Facts  from  the 

pearance.  JNlow  as  this  azot  did  not  exilt  feparately,  it  mudrefpiration of  ox- 

have  been  produced  by  the  decompofilion  of  the  gafeous  ox-lc*e  °f  azot» 
ide  ot  azot  ;  but  its  quantity  being  much  lefs  than  the  azot 
contained  in  the  oxide  of  azot  which  had  difappeared,  it 
follows  that  a  part  of  this  lafl  gas  had  been  abforbed  unaltered; 
and  if  a  part,  why  not  the  whole  ?  In  that  cafe  the  azotic  gas 
mud  have  been  feparated  from  the  blood  by  the  fubfequent 
decompofition  of  the  oxide  of  azot  abforbed  *  ”  Atmofpheric 
air  is  compofed  of  exadtlv  the  fame  ingredients  as  the  oxide 
of  azot,  merely  in  different  proportions,  and  in  a  date  of  lefs 
intimate  chemical  combination.  It  is  moreover  natural  to  afk,Oxigen  alone  is 
that  if  oxigen  were  alone  abforbed  by  the  blood,  why  fhould  itnot  ProPer  for 
not  anfwer  the  fame  purpofes  as  air  ?  It  is  well  known  that 
this  gas  cannot  be  refpired  for  a  length  of  time  .without  pro¬ 
ducing  fatal  confequences ;  but  even  when  i(  is  refpired,  the 
quantity  (of  oxigen)  which  dilappears  is  much  fmailer  than  Much  lefs  is  ab~ 

when  a  like  quantity  of  atmofpheric  air  is  breathed  for  the*°rbsd  ^an 
r  ■  ,  .  ~  .  -  .  r  ii  .  when  a  like 

lame  time.  Mr.  Davy  has  given  the  following  experiment  in  quantity  of  at- 

proof  of  this  facf:  He  breathed  182  cubic  inches  of  oxigen  mofpher»c  air  is 

gas  for  half  a  minute,  11.4  c.  inches  difappeared ;  whereas 

when  the  experiment  was  repeated  under  the  fame  circum- 

flances  with  atmofpheric  air,  the  quantity  abforbed  amounted 

to  15.6  cubic  inches. 

It  was  fird  obferved  by  Lower,  that  the  colour  of  venous  Lower  firft  ob- 
blood,  which  is  dark  reddifh  purple,  was  converted  into  the^erved  the 
florid  fcarlet  colour  of  arterial  blood,  in  its  paflage  through it  Venous  bbcd* 
the  lungs.  The  phenomena  ot  refpiration,  however,  fldl  re-by  refpiration. 
inained  unexplained,  until  Dr.  Prieflley  puhlifhed  his  experi¬ 
ments  on  the  changes  produced  in  venous  and  arterial  blood 
when  put  in  contact  with  certain  gafeous  bodies.  f  He  ob-Prieftley  /hewed 

ferves,  that  having  introduced  pieces  of  the  craflamentum  0fthecauPe5  viz- 

i  the  abforption  or 

.  oxigen, 

*  Thomfon’s  Syftem  of  Chemiflry,  Vol.  IV.  page  719. 

f  Piieftley  on  Air,  Vol.  III.  page  71. 
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coagulated  dieep’s  blood  into  dephlogifticated  air  (oxigen  gas); 
the  blackeft  parts  a  (Turned  a  florid  red  colour,  and  (hat  more 
readily  than  I  hey  would  have  done  it  common  air  only  had 
been  made  ufe  of:  Whereas  the  brighteft  red  blood  became 
prelentiy  black  in  any  kind  of  air  until  for  refpiration,  as  in 
fixed  air,  £fc.  ;  and  after  having  become  black  in  phlogifti- 
cated  air  (azot),  it  regained  its  red  colour  on  being  brought 
into  contadt  with  common  air,  the  fame  blood  becoming  al¬ 
ternately  black  and  fcarlet,  by  being  transferred  from  phlo- 
giflicated  into  dephlogiftieaied  air,  and  vice  ver/a.” 

Thefe  then  may  be  regarded  as  the  experiments  which  gave 
origin  to  all  fubfequent  enquiries. 

The  food  which  is  taken  into  the  body  is  converted  into 
ch}  le  and  excrement  *  ;  the  former  of  which  is  abforbed  by  a 
fet  of  veflels  termed  la&eals,  which  convey  their  fluid  into  the 
thoracic  dudt.  The  term  lymph  has  been  applied  to  that  fluid 
which  lubricates  the  fur  faces  of  all  the  circumtcribed  cavities 
of  (he  body  :  This  fluid  is  abforbed  by  a  fet  of  veflels  termed 
lymphatics,  which  of  courfe  originate  in  every  part  of  the 
body  ;  they  likewile  terminate  in  the  thoracic  du<5t,  which 
therefore  is  the  great  retervoir  of  the  abforbent  fyftem  ;  it  re¬ 
ceives  the  chyle  and  lymph,  and  conveys  them  to  the  blood  ; 
they  are  here  decomposed,  and  converted  into  new  fubftances 
neeeflary  to  the  fupport  of  the  body.  Now  the  coagulable 
lymph,  or  fibrina,  appears  to  be  the  mofl  eflential  part  of  the 
blood,  for  it  is  employed  to  fupply  the  wafte  of  the  mufcles, 
S?c.  and  Dr.  Thomfon  has  accounted  for  its  formation  in  the 
following  mannnerf:  “  It  follows,”  fays  he,  “from  the  ex¬ 
periments  of  Fourcroy,  that  fibrina  contains  more  azot  and 
lefs  hydrogen  and  carbon  than  any  of  the  ingredients  of  the 
blood,  and  confequenlly  alto  than  any  of  the  ingredients  of 
the  chyle.  In  what  manner  the  chyle,  or  a  part  of  it,  is  con¬ 
verted  into  fibrina,  it  is  impoflible  to  fay  :  We  are  not  fuffi- 


*  The  food,  on* being  received  into  the  ftomach,  is  converted  into 
a  pulpy  fubftance  termed  chyme.  This  alteration  is  eflFe&ed  by  a 
peculiar  fluid  called  gaflric  juice ,  which  is  fecreted  by  the  internal 
coats  o'f  the  ftomach.  The  chyme  thus  formed  is  propelled  into  the 
duodenum,  where  it  meets  with  the  bile,  which  converts  it  into  a 
fluid  much  refembling  milk,  termed  chyle,  and  into  excrement, 
f  Thomfon’s  Chemiftry,  2d  Edit.  Vol,  IV.  page  725. 
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ciently  acquainted  with  the  fubjed  to  be  able  to  explain  the 

procefs.  But  we  can  fee  at  lead,  that  carbon  and  hydrogen  Ufe  of  refpira- 

muft  be  abftraded  from  that  part  of  the  chyle  which  is  to  be  tmn. ln  that con- 

r  r  in  nexion. 

converted  into  fibrina,  and  we  knew  that  thefe  fubuances  are 
adually  thrown  out  in  refpiration.  We  may  conclude  then 
that  one  ufe  of  the  air  ablorbed  is  to  abftrad  a  quantity  of 
carbon  and  hydrogen  from  a  part  of  the  chyle  by  compound 
affinity,  in  fuch  a  manner  that  the  remainder  becomes  fibrina  : 

Therefore  one  end  of  refpiration  is  to  form  fibrina. 

It  appears  then,  from  the  above-mentioned  fads,  that  the  Life  cannot  fub- 
perfedion  of  the  blood  is  almofi  totally  dependent  on  refpi- without  lt* 
ration;  whenever  therefore  this  fundion  is  fufpended  but  for 
a  very  fiiort  time,  death  is  the  conlequence. 

It  is  well  known  that  all  the  more  perfect  animals  poflefs  a  The  elevated 
temperature  confiderably  higher  than  the  furrounding  atmo- 
fphere  :  the  caufe  however  of  this  increafed  temperature,  re-  animals  is  caufed 
mained  unexplained  for  a  confiderable  time.  At  length  Dr.  ^n^ndcTnden- 
Black’s  theory  of  latent  heat  became  known,  when  feveral  ration  of  air. 
attempts  were  made  to  explain  the  caufe  of  the  increafe  of 
temperature,  or  fiandard  heat  of  the  body,  but  none  of  them 
were  fatisfadory.  Dr.  Thoinfon  has  however  given  us  the 
following  ingenious  theory  :  As  the  air  is  abforbed  unaltered 
by  the  blood,  it  is  evident  that  it  will  give  out  the  greatefi: 
portion  of  its  caloric  during  circulation  ;  that  portion  therefore 
which  is  emitted  at  the  inftant  that  the  air  combines  with  the 
blood,  is  united  to  the  carbonic  acid,  converting  it  into  the 
ftate  of  gas,  and  the  water  into  vapour.  It  appears  more¬ 
over,  that  the  heat  of  the  blood  is  fomewhat  raifed  during 
circulation  ;  for  Mr.  John  Hunter  found  that  the  blood  in  the 
heart  was  a  degree  higher  than  in  any  other  part  of  the  body. 

From  the  fads  which  have  now  been  alluded  to,  it  appears  Recapitulation, 
that  the  following  changes  are  produced  by  refpiration;  The 
blood  is  propelled,  by  the  contradion  of  the  heart,  into  the 
pulmonary  artery,  which,  by  its  numerous  ramifications,  con¬ 
veys  the  blood  into  the  fmall  branches  of  the  air-cells  of  the 
lungs,  which  are  of  fo  fine  a  texture  as  to  admit  the  abforption 
of  a  portion  of  air.  The  blood  having  undergone  this  altera¬ 
tion,  is  returned  into  the  heart  by  the  pulmonary  veins,  frqnj 
whence  it  is  circulated  over  the  whole  body.  During  the  cir¬ 
culation,  the  air  which  has  been  abforbed  undergoes  a  gradual 
decompofition  $  carbonic  add  and  water  are  formed,  which, 

together 
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together  with  a  portion  of  azot,  are  returned  by  the  veins,  and 
thrown  out  as  the  blood  pa  flies  through  the  lungs.  A  frefli 
portion  of  air  is  at  the  fame  tune  ablorbed,  and  the  above 
changes  repeated. 

Thefe  then  are  the  effects  of  refpiration,  as  far  as  we  are  at 
prefent  acquainted  with  them  ;  but  this  important  branch  of 
phyliology  ftill  remains  in  confiderable  obfcurily. 

Arlington  Street,  WILLIAM  BRANDE. 

April  29,  ISOj. 


IV. 

Jrtjlruftion  on  the  ProceJJes  difcovcred  by  M.  Bkalie,  of  Amiens, 
for  watering  Hemp  in  Two  Hours  'Time,  in  all  Seajbfts,  with¬ 
out  injuring  its  Quality  *.  Publifhed  by  Order  of  the  Minifies 
of  the  Interior  of  France. 

In  the  month  of  Fructidor  in  the  year  XI.  (September  1803.) 
the  government  called  to  Paris  M.  Bralle,  of  Amiens,  the  in¬ 
ventor  of  new  procefles  for  watering  hemp.  This  difcovery, 
which  is  interefling  to  agriculture,  manufactures,  commerce, 
and  the  marine,  had  engaged  its  attention  ;  orders  were  given 
to  make  the  experiments  requifite  to  afcerfain  its  value. 

Every  thing  which  could  elucidate  the  principles  and 
praClice  of  M.  Bralle’s  proceifes,  which  could  prove  and  in- 
fure  their  fuccefs,  was  put  in  praClice.  Numerous  and  varied 
trials  were  made  in  the  prefence  of  M.  M.  Monge  and 
Berthollet,  fcnators,  and  Teifher,  member  of  the  Inhitute. 
M.  Molard,  adminiftrator  of  the  confervatory  of  arts  and 
manufactures,  directed  thefe  trials,  and  carefully  purfued 
them  for  fix  months.  The  refults  were  equal  to  the  ex¬ 
pectations  that  had  been  formed. 

From  the  account  rendered  to  his  imperial  Majefty,  it  was 
judged  that  the  knowledge  of  a  more  expeditious  method  of 
watering  hemp,  than  thofe  employed  at  prefent.  which 
is  practicable  at  all  feafons,  and  is  in  no  refpect  injurious  to 
health,  by  means  of  which  a  greater  produce  can  be  obtained 
from  an  equal  quantity  of  the  materials;  and,  which  mult  extend 

*  Frcm  Bibliothequc  Phyfico  Ecpnomique,  Brumaire,  An.  XIII. 
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and  muHiply  the  culture  of  an  extremely  valuable  plant,  could 
not  be  too  extenfively  publifhed.  In  conformity  to  this  deftre, 
we  (hall  brieflv  defcribe  M.  Bralle’s  procefles,  relate  the 
experiments  which  have  been  made,  and  offer  fome  obferva- 
tions  on  the  utility  and  advantages  which  are  promifed  by  this 
new  difcovery. 

§  i- 


Untile. 


The  Process  of  M. 

The  means  used  by  M.  Bralle  for  watering  hemp,  are 

lft.  Water  is  heated  in  a  vetfel  to  the  temperature  of  from 
12°  to  75°  of  Reaumur's  thermometer;  (200°  fahr.) 

2nd.  A  quantity  of  green  foap  (fur on  vercl)  is  added  pro* 
portiona!  to  the  quantity  of  the  hemp  to  be  deeped. 

3rd.  The  hemp  is  then  immerfed  fo  that  it  fliall  be  covered  by 
the  fluid,  after  which  the  vellel  is  clofed,  and  the  fire  put 

f 

out. 

4th.  The  hemp  is  left  in  this  date  of  maceration  for  two 
hours,  and  (hen  taken  out. 

The  weight  of  foap  required  for  a  complete  deeping,  is  to 
that  of  hemp-dalks  as  1  to  48  ;  and  the  weight  of  the  hemp 
to  that  of  the  water  as  48  to  650. 

Several  deepings  may  be  made  one  after  the  other.  It  is 
folficient,  before  each  new  immerfion,  to  add  a  quantity  of 
foap  water  to  replace  what  was  abforbed  by  the  preceding, 
and  to  raife  the  temperature  of  the  bath  to  the  above  degree. 
The  fame  water  may  be  thus  employed  for  fifteen  fucceffive 
days. 

When  the  bundles  are  taken  out  of  the  deeping  veffel,  they 
are  covered  with  a  layer  of  draw,  that  they  may  cool  gradually. 


M.  Brahe's  pro- 
cefs.  The 
hemp  is  fteeped 
in  hot  water 
with  foap. 


Proportions  of 
the  articies. 


The  procefs  may 
be  repeated  with 
other  hemp  in 
the  fame  water. 


without  lofing  their  humidity. 

Next  day  they  are  fpread  on  a  floor,  pufhing  the  bands  to-  B.eaking  the 
wards  the  top  of  the  Items,  and  a  roller  of  done  or  wood,  5 
loaded  with  a  weight,  is  palled  feveral  times  over  them,  to 
crufli  them,  and  difpofe  the  tow  to  be  eadly  feparated  from 
the  reed,  which  is  effected  by  beating.  Whether  the  hemp  beating, 
be  wet  or  dry,  it  peels  completely  in  either  date. 

After  having  tied  the  handbills  of  the  tow  peeled  off  while 
wet,  at  the  top,  they  are  fpread  on  the  grafs,  turned,  and, 
after  five  or  fix  days,  carried  to  the  vvarehoule. 


The 
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The  handfulls  of  ffeeped  and  crufffed  hemp  which  are  in¬ 
tended  to  be  beaten  and  ffripped  dry  mud  alfo  be  expoied  on 
the  grals  •  this  operation  being  abfolutely  neceffary  to  whiten 
the  tow,  and  facilitate  the  reparation  oi  the  reed. 


The  experiments 
were  varied  to 
ascertain  the 
x-equifite 


Temperature, 


time,  and 

proportion  of 
foap. 


Kefultf  or 
perietal  obferva- 
tions  on  the 
prccefs. 


§  II. 

Recapitulation  of  the  Experiments. 

By  means  of  a  portable  deeping  veil'd,  different  quantities 
of  hemp  were  deeped,  the  temperature  of  the  foapy  liquor 
was  varied  at  pleafure,  and  the  date  of  the  hemp  was  obferved 
during  the  courfe  of  each  operation,  of  which  the  duration 
was  more  or  lefs  prolonged,  in  order  to  afcerlain  ; 

Iff.  The  temperature  which  the  foap\  liquor  ought  to  have 
before  the  immerffon  of  the  hemp  ; 

2nd.  The  time  neceffary  for  a  complete  deeping,  at  a  de¬ 
terminate  temperature; 

3rd.  The  quantity  of  foap  abfolutelv  neceffary  for  a  given 
weight  of  hemp-ffalks,  weighed  before  the  immerffon,  &c. 

From  a  great  number  of  experiments  made  in  the  months  oi 
January,  February,  and  March  lad,  it  was  found, 

1  d.  That  water  containing  the  quantity  of  green  foap  directed 
by  M.  Bralle,  for  a  given  weight  of  hemp,  effects  the  deeping 
completely  ; 

2nd.  That  the  deeping  is  fo  much  the  more  fpeedy  as  the 
temperature  ot  the  fluid  is  nearer  to  ebullition,  at  the  time  of 
the  immerffon  of  the  hemp  ; 

3rd.  That  if  the  hemp  be  kept  more  than  two  hours  in  the 
ffeeping  veflel,  the  time  preferibed  b>  M.  Bralle  for  obtaining 
a  complete  watering,  the  tow  ieparuies  equally  wed  Irom  the 
reed,  but  it  acquires  a  deeper  colour,  and  lotes  part  of  its 
ffrength  ; 

4th.  That  if  the  hemp  be  immerfed  in  a  cold  foapy  liquor, 
and  heat  be  then  applied,  the  fteeping  is  not  accomplifhed 
fo  perfectly,  whatever  degree  of  temperature  may  be  given 
to  the  liquor,  and  however  long  the  immerffon  may  be  con¬ 
tinued  *  ; 

5th.  That  the  bundles  of  hemp  immerfed  and  kept  vertically 
in  the  vefl’el,  are  fteeped  more  uniformly  than  if  they  were 
laid  horizontally ;  and  this  pofftion  alfo  facilitates  the  manipula¬ 
tion. 


*  Probably  the  fluid  between  the  fibres  is  not  heated,  becaufe  its 
£ondufling  power  is  bad,  and  it  is  prevented  from  circulating.  N. 

§  in. 
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§  HI. 

Obfcrvations  on  the  Utility  and  Advantages  of  the  Ueiv  Difcovery. 

Two  methods  only  of  fteeping  hemp  are  generally  prafilifed.  Defcription  of 

The  fir  ft  confifts  in  fpreading  the  pant  on  the  grals,  anc*  keeping  hemp, 
turning  it  two  oV  three  times  a  week,  until  the  air,  the  light,  the  as  heretofore 
dews,  or  the  rains,  have  dilpofed  the  tow  to  feparate  eafily  from  0n  the 

the  reed.  The  refult  is  obtained  in  3  ’onger  or  tliorter  time,grafs. 
according  to  the  weather  and  the  ftate  of  the  air ;  and  fre- 
cjuently,  in  certain  countries,  the  operation  is  not  finiflied  in 
lefs  than  forty  da\  s. 

The  fecond  conlifts  in  imraerfing  the  bundles  of  hemp  in  2.  Steeping.' 
rivers,  brooks,  ditches,  or  pools,  and  keeping  them  there  for 
eight,  fifteen,  twenty,  or  even  thirty  days,  according  to  the 
degree  of  the  heat  of  the  water,  or  of  the  atmoiphere. 

The  maceration  effected  by  both  thefe  proceffes  is  frequently  Thefe  proceffes 
incomplete,  and  always  unequal.  By  following  the  firft,  the  ver^  detedive. 
cultivator  is  liable  to  have  his  crop  difperfed  by  the  winds,  or 
injured  by  long  rains:  if  he  adopts  the  fecond,  he  runs  the 
rifk  of  lofing  a  part  of  it  by  the  overflowing  of  the  rivers,  or 
of  its  being  covered  with  mud.  The  firft  method  in  particular, 
is  liable  to  the  ferious  inconvenience  of  depriving  the  national 
marine  of  part  of  the  hemp  produced  by  our  territory  ;  it  is 
known  that  the  tow  produced  from  the  hemp  which  has  been 
expofed  on  the  grafs  is  not  ufed  by  the  government. 

The  fteeping  of  hemp  according  to  M.  Bralle’s  procefs,  Superiority  of 

.  0  ,  t  -  ,  rr  1  1  j  c  ,,  the  new  orocefs. 

requires  only  a  copper  cylindrical  veliel,  placed  on  a  tmali 

furnace  of  bricks. 

A  deeping  veffel  of  this  kind,  containing  240  litres  of 
water,  (52  ale  gallons)  is  fufficient  to  fieep  18  kilogrammes  of 
hemp-ftalks,  (about  40lb.)  and  as  the  operation  is  completed 
in  two  hours,  100  kilogrammes  (22 lib.)  may  be  eafily  fteeped 
in  a  day. 

This  method  appears  to  deferve  the  preference  over  the 
former  ones,  on  many  accounts. 

id.  The  fteeping  is  practicable  all  the  year,  except  during  It  is  praaicable 
very  hard  frofts,  when  it  is  difficult  to  dry  the  hemp.  Butal!  the  year* 
when  it  is  to  be  peeled  wet,  the  cold  is  no  longer  an  obftacle ; 
it  is  then  only  neceffary  to  take  proper  precautions  for  pre¬ 
venting  the  tow  from  freezing  in  its  humid  ftate, 
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favei  time,  2nd.  The  time  of  deeping  being  only  two  hour;!,  affords  a 

faving  of  lime  of  great  value  to  the  cultivator,  particularly 
during  the  feafon  of  harved. 

and  is  not  in-  3rd.  T^g  workman  has  no  caufe  to  fear  any  injury  of  his 
health  :  it  is  fufficient  to  keep  up  a  current  of  air  while  the 
bundles  are  plunged  into  and  taken  out  of  the  deeping  veflfel  ; 
the  handfulis  ot  dalks  or  towr,  which  are  afterwards  expoled 
on  the  grals,  do  not  emit  any  bad  fmell,  or  vitiate  the  purity 
of  the  air,  whatever  may  be  the  quantity  of  hemp  dried  at 
once  in  the  fame  place. 

Every  one  knows,  that  when  the  bundles  of  hemp  fteeped 
in  water  in  the  old  method,  are  taken  out  and  waftied,  they 
emit  an  infectious  odour  which  becomes  infupportable  during 
the  heats,  and  to  which  ferious  diforders  are  afcribed.  The 
valley  of  the  department  of  the  Somme,  and  many  others  in 
which  hemp  is  freeped,  afford  too  convincing  prools.  The 
waters  are  rendered  unfit  for  the  ufe  of  cattle,  and  the  fill) 
contained  in  them  are  frequently  dedroyed. 

To  accelerate  the  operation  of  deeping  bv  the  new  procefs, 
in  countries  where  there  is  an  extendve  culture  of  it,  inflead 
of  the  portable  deeping  veiTel  which  was  marie  ufe  of  in  the 
experiments,  the  following  apparatus  may  be  adopted,  con¬ 
fiding  of  a  boiler  and  four  wooden  tubs,  ferving  for  deeping 
vefiels. 

After  having  heated  the  foapy  matter  to  ebullition,  it  is 
differed  to  flow'’  through  a  cock,  into  two  of  thefe  tubs  filled 
with  bundles  of  hemp,  and  cMfed  by  a  cover:  while  *’«»  deep- 
ing  is  going  on  in  the  two  fird  tubs,  the  neceffarv  quantity  of 
liquor  is  healed,  to  be  conveyed  into  the  other  two,  which  are 
alfo  filled  with  bundles  of  hemp,  and  doled  with  lid<. 

By  means  of  this  very  fimple  apparatus,  a  confiderable 
quantity  of  hemp  may  be  deeped  in  a  day  without  interrup¬ 
tion. 

Comparative  4th.  The  expence  of  deeping  in  water,  compared  with  that 

exprnce  of  the  required  by  the  method  of  M.  Bralle,  is  nearly  the  fame, 
two  proceues.  1  *  j  * 

when  the  fmall  deeping  veffel  is  made  ufe  of ;  but  if  a  cauldron, 

rather  large,  and  (he  deeping  tubs  which  have  been  mentioned 

are  employed,  the  cod  will  be  diminifhed  more  than  a  half. 

In  fact,  the  expence  of  the  fird  includes  the  conveyance 
of  the  hemp  to  be  fteeped,  the  time  employed  in  forming  the 
bundles  of  hemp  into  a  fort  of  rafts,  that  they  may  be  funk 
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by  loading  them  with  ftones,  turf,  clods  of  earth,  and  even 
mud;  in  fixing  and  (ecuring  theie  ratts  by  driving  in  flakes;  a 
tedious  vvoik,  and  the  more  troubleforne,  becaufe  10 
kilogrammes  of  hemp-fialks  cannot  be  immerfed  without  a 
weight  of  15  or  20  kilogi amines,  and,  after  the  deeping,  all 
this  mafs  mud  be  removed,  to  take  the  bundles  out  of  the 
water,  and  walh  them. 

The  cod  of  the  new  procefs  confifts  principally  in  the  price 
of  the  folvent  made  ufe  of,  which  amounts  to  about  eight 
centimes  for  a  kilogramme  of  tow.  To  this  fhould  be  added 
the  price  of  combudible  neceflary  for  heating  the  liquor,  if 
this  combudible  was  not  afforded  by  the  reeds  of  the  bundles, 
whether  they  are  peeled  wet  or  dry. 

At  an  equal  expence,  the  new  procefs  is  dill  preferable  to 
the  old,  becaufe,  from  what  has  been  laid,  it  renders  the 
manipulation  more  expeditious  and  more  eafy. 

5th.  Eight  kilogrammes  of  hemp-dalles  deeped  by  the  new  comparative  pro- 
procefs,  commonly  produce  two  kilogrammes  of  pure  tow, 
by  peeling  when  wet;  w'hereas  hemp  deeped  in  water  by  the 
old  procefs,  and  beaten,  does  not  yield  more  from  eight 
kilogrammes  than  one  and  a  half. 

The  dry  peeling  of  hemp  deeped  in  the  old  way  does  not 
produce  the  fame  quantity  as  that  which  is  peeled  when  wet; 
the  breaking  of  the  reed  in  many  places  occafions  a  greater 
lofs  of  tow. 

The  hemp  being  wafhed,  beaten  and  combed  in  the  old 
method,  a  kilogramme  of  long  tow  is  obtained  from  four 
kilogrammes  of  the  rough  tow;  the  remainder  is  fhort  duff, 
hards  and  dud. 

The  fame  quantity  of  hemp,  manipulated  in  the  new  way, 
yields  two  kilogrammes  of  long  tow,  one  kilogramme  of 
fecond  tow,  and  about  a  kilogramme  of  fhort  duff  and  hards. 

Thus  from  eight  kilogrammes  of  hemp-ftalks,  two  kilo¬ 
grammes  are  obtained  in  rough  tow  by  the  new  procefs,  and 
from  this  quantity  is  obtained  one  killogramme  of  the  fir £1 
tow,  which  does  not  exid  in  any  known  manipulation. 

6th.  The  inhabitants  of  the  banks  of  rivers  and  of  the  Extenfion  of  the 
valleys,  are  almod  the  only  perfons  who  cultivate  hemp ; culturc  of  hemP* 
they  owe  this  privilege  to  the  vicinity  of  the  waters,  and 
the  humidity  of  the  foil.  By  the  new  procefs  the  culture  of 
jierpp  will  be  extended  to  all  places,  and  procure  a  new  and 

very 
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very  advantageous  occupation  to  the  inhabitants  of  the  plains, 
the  land  of  which  is  much  more  vegetative  than  that  of  the 
marflies. 

It  is  an  error  to  fuppofe  that  hemp  cannot  grow  to  a  great 
height  in  the  plains  ;  it  is  a  fad,  that  it  riles  to  the  height 
of  two  yards,  in  land  which  has  been  well  ploughed  and 
manured,  when  mild  rains  have  promoted  germinanation 
and  growth. 

It  is  equally  a  fact,  that  there  is  every  where  a  diffident 
quantity  of  fpring  or  ciflern  water  to  deep  the  hemp  by  the 
new  procefs :  if  droughts  fhould  fupervene,  which  beddes  are 
only  accidental,  the  deeping  may  be  deferred. 

It  will,  therefore,  be  podible  to  cultivate  hemp  in  the  plains, 
and  in  low  lands,  which  are  always  rich  and  fertile,  though 
frequently  without  fprings  of  water,  and  to  augment  not  only 
the  mafs  of  our  products,  but  alio  our  riches  of  this  defcrip- 
tion,  dnce  one  acre  of  good  hemp  yields  as  much  profit  as  two 
acres  of  wheat. 

Summary  of  the  Such  are  the  effeds  which  may  be  expeded  from  M.  Bralle’s 

advantages  new  method  of  deeping  hemp.  It  is,  as  was  obferved  at  the 

anting  from  this  ‘  .  r  4 

procefs.  commencement  of  this  inftrudion,  more  expeditious  than 

thofe  hitherto  employed  ;  it  perfedly  completes  the  deeping; 
it  may  be  ufed  at  all  feafons ;  it  does  not  atfed  the  purity  of 
the  air ;  from  an  equal  quantity  of  materials,  it  procures  a 
more  abundant  produce;  and  Iaftly,  it  is  well  calculated  to 
extend  the  cultivation  of  the  plant  itfelf.  The  enlightened 
lovers  of  agriculture,  and  well-informed  proprietors,  who 
live  upon  and  cultivate  (heir  own  edates,  without  being 
Haves  to  the  cudomary  pradices,  will  adopt  it,  and  fecure  its 
advantages,  by  repeating  the  experiments  which  have 
afcerlained  its  merit,  and  alfo  by  making  trials  on  a  more 
extenfive  Icale  than  thofe  which  took  place  in  the  confervatory 
of  arts  and  manufadures.  Their  example  will  be  followed, 
the  procefs  of  M.  Bralle  will  be  extended,  and  we  fliall  fee 
portable  deeping  veffels,  fimilar  to  thofe  ufed  by  M.  Molard, 
multiplied;  a  cheap  apparatus  which  requires  very  little, 
repairs,  and  by  means  of  which  the  hemp  grown  through  the 
extent  of  one  or  of  feveral  communes  may  be  deeped  even  in 
the  field  on  w hich  it  grew. 
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PORTABLE  STEAM  ENGINE, 


V. 

Defcription  of  a  Portable  Steam  Engine.  Bp  Mr.  Matthew 

Murray. 

To  Mr.  NICHOLSON. 

S  I  R, 

1  TAKE  the  liberty  oF  handing  you  the  defcription  of  a  port¬ 
able  fleam  engine  of  my  conftrudion,  which  you  will  have 
the  gnodnefs  to  infert  in  your  Philofophical  Journal.  I  will 
juft  obferve  it  is  reduced  to  the  feweft  parts  that  pradical  utility 
will  admit,  which  muft  neceftarily  render  it  oF great  advantage; 
as  the  ftmplicity  of  its  parts  make  it  nearly  impoftible  to  be 
out  of  order  with  a  very  moderate  degree  of  management. 

The  Following  defcription  and  reference  to  the  plate  will  ex¬ 
plain  the  nature  of  this  engine. 

I  am.  Sir, 

Your  much  obliged  humble  fervant, 

MATTHEW  MURRAY. 

Leeds ,  Map  7  th,  1805. 

Defcription  of  a  Portable  Steam  Engine. - Plate  VII. 

A  A  Reprefents  the  ground  or  floor  on  which  the  engine  Defcription  of 
Hands.  '  P“^ble  fle'“ 

B  Section  of  a  recefs  made  in  the  ground  for  the  beam  O  c 
to  work  in. 

.  C.  Iron  ciftern  refting  upon  the  ground  or  floor  covering 
the  recefs  for  the  beam. 

D  An  opening  in  the  floor  to  admit  a  boy  to  oil  the  centers 
of  the  beam. 

E  A  double  fteam  cylinder,  having  an  upright  pipe  in  the 
intermediate  fpace,  which  effeds  a  communication  between 
the  top  and  bottom  and  the  valve  box  G. 

F  A  fteam  pipe  that  communicates  with  the  boiler  through 
which  all  the  fteam  paffes  and  furrounds  the  inner  cylinder  in 
its  way  to  the  valve  box,  prior  to  its  application  againft  the 
pifton. 

G  .The  valve  box  fixed  upon  a  projedion  from  the  cylin¬ 
der  bottom,  having  an  opening  or  connedion  with  the  interval 
-  between  the  twb  cylinders.  In  this  opening  is  a  regulating 

yalve 
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valve  for  adjufting  (he  quantity  of  fleam  (that  a£ls  againft  the 
piflon)  in  its  paffjge  through  the  valve  box.  There  are  alfo 
three  other  openings  in  the  bottom  of  this  valve  box,  one  of 
which  connects  with  the  top  of  the  cylinder  by  the  pipe  in  the 
intermediate  fpace,  the  fecond  with  the  bottom,  and  the  third 
with  the  eduction  pipe  that  leads  to  the  condenlor.  Two  of 
thefe  openings  are  alternately  connected  together  by  a  Aide. 
\ralve,  *  while  the  third  is  left  open  for  the  admiffion  of  fleam 
to  the  piflon,  this  valve  changes  its  petition  at  the  end  of  each 
ftroke  of  the  piflon,  and  performs  all  the  purpoles  of  the  moll 
complicated  machine. 

H  1  he  air-pump  connected  with  a  condenfer  at  the  bottom 
of  the  eduction  pipe. 

1.  The  fly  wheel  fixed  upon  an  axis  which  receives  its 
motion  from  a  crank  connected  with  the  beam  by  the  rod  K. 

LL  Two  rods  for  connecting  the  motion  of  the  piflon  to 
the  beam,  thefe  rods  move  perpendicularly  by  a  motion  which 
could  not  be  conveniently  fnevvn  in  this  view  without  render¬ 
ing  it  confufed. 

M  A  fpherical  triangle  turn'd  by  the  crank  for  moving  the 
Aide  valve  by  the  horizontal  rod  N  that  connects  them  toge¬ 
ther.  This  motion  has  the  advantage  of  preventing  the  engine 
from'  ever  turning  the  contrary  way  round  from  that  which  it 
is  wanted  to  go,  and  prevents  the  noife  that  is  ufually  heard  in 
engines. 

O  The  beam  attached  to  the  bottom  of  the  ciflern  C  by 
means  of  the  hanging  carriages  P. 

Q  A  reft  or  fixture  in  a  wall  for  the  end  of  the  fly  wheel 
ftiaft;  this  will  vary  according  to  the  fituation  where  the  en¬ 
gine  is  to  be  fixed,  or  it  may  be  fupported  by  a  metal  ftandard. 

R.  Index  to  the  injection  cock  that  admits  wmter  to  the 
condenfer.  Nafe,  The  ciflern  is  to  be  kept  nearly  full  of  water 
during  the  time  the  engine  is  at  w'ork. 

The  cylinder  G  and  valve  box  E  muff  be  furrounded  on  all 
fides  by  a  cafe  (not  fliewn  in  this  view)  the  fpace  between 
filled  with  charcoal  to  prevent  the  tranfmiftjon  of  heat,  which 
if  effe6tually  done  wdll  work  w'ith  the  leaf!  poflible  quantity  of 
coals,  as  it  combines  the  advantages  of  every  other  engine 
hitherto  knowm.  By  detaching  the  air-pump  and  condenfer 

*  For  thefe  valves  1  took  out  a  patent  in  1302. 

(which 
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(which  may  be  clone  in  hall  on  hour)  and  where  water  cannot  Dcfcrlption  of 
be  had  tor  condenfation,  this  engine  may  be  worked  by  the  ^£aS1 

prcflure  ot  ftrong  fleam  alone,  as  the  internal  cylinder  is  kept 
as  hot  as  the  fleam  in  the  boiler.  *  This  dangerous  plan  never 
ought  to  be  re'orted  to  but  in  cafes  of  neceffity,  as  it  is  no  lav¬ 
ing  of  coals,  and  as  there  can  be  no  certain  rule  when  to  dif- 
continue  the  ufe  of  the  boiler,  the  weaknefs  of  which  is  not 
prevented  by  putting  the  hre  jn  a  tube  in  the  infide  of  it.  This 
engine  requires  no  framing  nor  mill-wright  work  in  the  fixing, 
but  merely  bolting  down  to  the  floor  it  Hands  upon.  It  takes 
up  very  little  room,  and  all  its  parts  are  within  reach,  without 
the  neceffity  of  upper  floors  or  ftages,  which  would  be  the  cafe 
if  the  beam  was  above;  but  by  being  fixed  below  and  alone, 
it  has  no  tendency  to  move  from  its  fituation. 


VI. 

Letter  from  Mr.  J.  C.  Horn  blower.  Engineer,  on  the  Meet- 
Jure  of  Force  by  Horfe  Powers, 


To  Mr.  NICHOLSON. 

Dear  Sir, 

1  AM  induced  to  trouble  you  on  account  of  the  prefent  un-  Uncertainty  of 
fettled  ftate  of  things  refpefting  what  is  ufually  called  the  power  's  meant^. 
of  a  horfe .  I  do  not  know  why  a  matter  of  this  fort  fhould  a  horfe.P 

remain  fo  dilregarded,  efipeciaily  as  it  has  fo  long  become  one 
of  our  data,  comprehending  the  unities  of  weight,  fpace  and 
time,  by  which  we  are  to  be  underfiood  in  our  communica¬ 
tions  on  the  fubjeil,  and  by  which  we  are  to  afeertain  the  pre- 

*  Many  engines  are  at  prefent  worked  in  London  and  elfewhere 
by  the  mere  force  of  fleam,  without  condenfation,  under  Trevithick’s 
patent.  The  force  is  from  45  to  60  lb.  on  the  round  inch ;  a  pref¬ 
fure  equal  to  about  25  fathoms  of  water  at  the  mod.  Various  af- 
feitions  and  reports  concerning  the  lafety,  the  economy,  and  the 
other  effeifs  of  ihei'e  engines  ngye  pafled  under  my  notice;  but  the 
interefled  lituation  of  fome  of  the  narrators  on  both  Tides,  and  the 
fiiOit  time  of  trial,  have  induced  me  to  wait  for  more  fails  before  T 
fhould  give  any  account  of  the  engine  in  this  Journal.  I  hope  to 
do  this  a  few  months  hence. — -W.  N. 

cife 
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This  unity  pro- 
fcably  arofe  from 
fteam  engines 
being  fubftitutcd 
for  horfes. 


Defaguliers 
confiders  it  as 
5  50  lb.  raifed  50 
tee t  per  minute. 


Another  efti- 
mate ;  nearly 
double  that  of 
Defaguliers. 


Smeaton’s  efti- 
mate  one- fifth 
lefs  than  De¬ 
faguliers. 
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clfe  value  or  effeCt  of  any  mill  or  engine  in  and  about  London. 
Indeed  I  do  not  know  why  it  was  adopted  for  the  purpoles  in¬ 
tended,  it  being’  fo  indefinite. 

I  can  eafily  conceive  it  probable  that  fomebody  who  lias  em¬ 
ployed  horfes  for  lome  time  in  mill-work,  may  have  applied  to 
an  engineer,  and  laid  “  I  have  a  mind  to  have  my  work  done 
by  a  fleam  engine  inftead  of  horfes,  for  I  am  to  a  point  that  I 
/ball  fave  money  by  it,  and  pleafe  to  give  me  an  eftimate  of  the 
coft  of  an  engine  that  will  do  the  work  of  my  horfes and 
then  the  engineer  fets  about  getting  information  as  to  w’hat 
may  be  deemed  the  effect  a  horfe  can  produce,  and  calls  it  the 
horfe  power ;  and  perhaps  having  Defaguliers  Experimental 
Philofophy  at  hand,  applies  to  him,  and  there  he  finds  that  a 
horfe  will  raife  a  hogfhead  of  wrater  50  feet  high  in  a  minute; 
then  what  is  the  weight  of  a  hogfhead  of  wmler,  and  he  finds 
from  fome  particulars  related  by  him,  2nd  vol.  page  505,  that 
a  hogfhead  of  wrater  is  equal  to  550  lb.  but  of  what  meafure 
is  uncertain,  for  the  ale  hogfhead,  51  gallons,  is  540  lb.  and 
the  wine  hogfhead,  63  gallons,  is  504  lb.  reckoning  the  cubic 
foot  at  1000  ounces  avoirdupois. 

Some  engineers  who  have  very  unceremonioufiy  taken  the 
lead  in  this  affair,  have  adopted  I  do  not  know  what  for  a  da~ 
turn,  but  the  refult  is  this:  An  engine  by  calculating  10  lb.  on 
the  fquare  inch,  making  the  whole  preffure  =  1000,  moving1 
through  200  feet  per  minute,  is  called  a  faur-horfe  engine - 
Let  us  fee  then  what  will  be  the  effect  of  one  horfe  according 
to  this  fatt . 

1000^*  x  200ft*  =  200000  =  the  whole  effect,  then--— ----- 

4 

=  the  effect  of  one  horfe.  Now  compare  this  with  the  efiimale 
of  Dr.  Defaguliers,  which  is  a  hogfhead  of  water  at  550  lb. 
50feet  high  in  a  minute;  550  lb.  x  50  ft.  =  27500  and  ;  50000 
— -27500  =  22o00  =  the  difference  between  one  of  Mr. 
Watt’s  horfes  and  one  of  the  doctor’s,  on  the  former  of  which 
I  make  no  comment. 

Mr.  Smeaton,  whom  I  hold  as  having  fuperior  claim  to  pre¬ 
cedency  on  fubje&s  of  this  nature,  has  utterly  difapproved  of 
Defagulier’s  experiment  by  the  moft  powerful  conviction  of 
its  fallibility,  formed  by  conclutions  drawn  from  fterling  ex¬ 
perience  in  the  accomplifhment  of  w  orks  on  a  large  fcale;  and 
he  (fates  the  greatefi  effect  to  be  40  feet  high  in  a  minute;  but 

as 
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this  is  Hill  in  the  commonly  received  opinion  as  to  the  weight 
of  the  hog  (head,  I  would  rather  I  urn  to  thole  who  have  made 
their  experiments  on  a  weight  of  lolid  matter,  expreffed  in 
terms  which  cannot  be  miftakeu. 

I  remember  to  have  had  fome  converfation  on  this  fubjedt  Mention  of 

•  i  i  i  n  ,  ,  ,  ,  •  /•  experiments  on 

many  years  ago,  with  the  late  Samuel  More,  at  that  time  lc-  the  reaft-0I1 

cretary  to  the  Society  for  the  Encouragement  of  Arts,  &c.  againft  horfes, 

when  he  (hewed  an  intirument  con  ft  ru  died  on  purpofe  to  de-  ^ 

termine  the  refi fiance  againft  horfes  at  plough.  I  do  not  re-  an  inttrument. 

colled  that  I  made  any  minutes  on  the  refult  of  our  converla-  ™as  a  JprinZ 

J  _  iv Up  graduation f 

tion,  fo  can  only  fay  that  his  relation  of  the  fad  furprifed  me, 

until  I  came  to  compare  it  with  the  effed  of  horfes  aduaily 

applied  to  overcome  a  load  drawn  up  a  fhaft  in  a  mine;  but  I 

had  not  the  fame  means  of  determining  the  re-adion  that  he 

had  ;  however,  the  refult  of  his  experiment  may  be  feen  in  the 

Tranfadions  of  that  Society;  fome  obfervations  on  it  may  be 

feen  in  the  3d  vol.  quarto,  of  the  Philofophieal  Journal,  page 

136,  only  there  feems  to  be  a  miftake  in  the  deckrdion  in  the 

note:  it  fhould  be  264-:  10  :  :  1375  :  52  -f- 

I  much  with  to  have  an  experiment  like  Mr.  More's  made  Propofed  experi- 

by  a  fledge  drawn  forwards  and  backwards  on  a  level  road,  ment* 

with  Mr.  More’s  inffrument  placed  between  it  and  the  horfes; 

fuch  an  experiment  would  be  very  practicable,  and  the  fma'il 

deviation  from  the  true  level  of  a  road  would  be  compenfated 

by  alternately  going  ftrft  one  way  and  then  the  other. 

It  is  true  that  we  are  become  pretty  well  acquainted  with  Uncertainty  of 

what  may  be  done  by  horfes  in  grinding  malt,  pumping  liquor  tlle  mea^ure  °f 
.  J  .  ,  .  .  to  r  r  V  .  6  M  .  a  horfe  power 

.and  worts  in  breweries;  but  there  are  to  many  fortuitous  cir-  from  grinding  o, 


or 


cum  fiances  to  be  regarded,  even  here,  that  nothing  decided  pumping, 
can  refult  from  the  cloleft  inveftigation.  For  inftance,  fome 
brewers  chute  to  have  their  malt  ground  much  lower  than 
others;  the  pump-work  is  executed  in  fome  breweries  under 
very  different  advantages,  and  from  local  circumftances  may 
be  retarded  by  the  inertia  neceffary  to  communicate  motion 
from  the  wheel  to  the  work,  adding  the  different  condition  of  • 
valves,  buckets,  &c.  All  thefe  confiderations  demand  fome 
invariable  refi  fiance  to  be  overcome  by  the  exertion  of  the  horfe, 
and  I  know  of  nothing  fo  appropriate  as  that  I  have  juft  men¬ 
tioned. 

The  power  of  a  horfe  (by  which  I  mean  the  mechanic  Difficulty  of 

.power)  is  not  eafily  afeertained.  It  has  Icarce  any  analogy  thls  not 

„  rT  J  ® J  only  froxn  the 

Voi.  XI. —  June,  1805.  ti  with  work,  hut  the 
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clafs  of  horfcs  with  a  weight  defeeruling  through  a  given  fpace  or  a  quantity 
ta.pio) cd.  wa(er  falling  a  given  height,  and  therefore  is  better  ex- 

prefTed  by  the  terms  effect,  refilfance,  re-action,  &c.  and 
even  then,  to  be  any  thing  like  precife,  we  ought  to  diferimi- 
nale  whether  brewers'  horfes,  or  higlers*  horfes,  waggon  horfcs 
or  coach  horfes,  heavy  horfes  or  light,  and  if  you  will  go  into 
the  country  among  the  coal-mines,  you  will  have  another  clafs 
of  thefe  animals,  which  1  know  not  what  to  call  unlefs  it  be 
poor  horfes ,  full  worked  and  half  ftarved;  in  thort,  I  mean 
that  neither  one  or  the  other  ought  to  be  taken  into  the  account 
as  the  meafure  of  a  mechanic  power. 

Mr.  More’s  Nevertheless  it  feems  deferable  to  have  fome  popular  ex- 

eitimate  of  8olb.  preffion  for  the  application  of  whatever  may  be  fubftituted  in 

TMs'is  nearly11  *  P^ace  °f  horfes,  whether  fleam,  water  or  wind;  nor  can 
three  fourths  of  there  be  any  objection  to  faying,  “  equal  to  the  work  of  to 
Defaguher  s  many  horfes,”  provided  we  can  attain  to  a  clear,  unequivocal 
and  fomewhat  exa6t  value,  attributable  to  that  power,  and  if 
I  may  give  my  own  opinion,  I  think  Mr.  More  has  dated  the 
utmofl  effe<5t  to  be  80 lb.  three  miles  per  hour,  in  fuch  horfes  as 
are  proper  for  giving  motion  to  mill-work,  and  at  fuch  fpells  as 
will  not  exhaufl  the  breath  or  flrength  of  the  animal. 

Remarks.  I  am  furprifed  to  find  this  mode  of  calculation  has  obtained 

fo  far  as  to  determine  the  power  engines  employed  purely  as 
pumping  engines,  as  lately  at  the  Tunnel,  the  New  Docks, 
&c.  but  I  am  glad  it  reaches,  no  further  than  the  bills  of  mor¬ 
tality,  and  I  hear  that  the  Dutch  method  of  hoifiing  goods  to 
warehouses  has  lately  been  adopted  at  fome  of  our  new  docks. 
O  tempora,  O  mores !  While  other  countries  are  availing  them- 
felves  of  the  application  of  the  fleam  engine  in  place  of  ani¬ 
mal  labour,  we  are  taking  up  the  expedients  of  thofe  who  have 
fcarce  heard  there  is  any  fuch  thing  as  a  fleam  engine,  or  who 
cannot  appreciate  its  value  on  that  degree  of  evidence  we  have 
in  our  own  country. 

Whether  the  It  may  he  ohjefled  to  by  fome  to  alter  the  prefent  data, 
horfe  power  or  however  erroneous,  as  we  (ball  be  obliged  to  require  20  horfe 
not  bought  °r  engines  inflead  of  JO  (for  it  appears  the  efiimate  is  nearly,  if 
furely  to  be  free  not  quite  cent,  per  cent,  more  than  it  fhould  be) ;  but  even  that 
.trom  ambiguity.  can  inp.ke  no  difference  in  any  refpedt  than  as  making  a  rent 
in  an  egregious  error;  the  cofl  of  an  engine  cannot  be  altered 
by  it,,  nor  the  confumplion  of  fuel,  but  a  material  convenience 
would  be  the  refult  of  fuch  a  regulation,  confidering  the  ad- 

3  vantage 
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Vantage  of  a  coincidence  in  this  point  throughout  the  kingdom, 
and  as  partaking  of  the  nature  of  a  unity  of  weights  and  mea- 
fures,  it  ought  to  be  paramount  to  every  fubordinate  con- 
fideration.* 

Your  much  obliged  obedient  fervant, 

J.  C.  HORNBLOWER. 


VII. 

Letter  from  Mr.  A.  F.  Thoelden,  communicating  three  ma - 
nufeript  Tables  from  Mr.  Bode,  of  Berlin,  of  the  geocentric 
Places  of  the  neio  Planets  Ceres,  Pallas ,  and  Juno,  for  twelve 
Months  to  come. 

To  Mr.  NICHOLSON. 

SIR, 

nn 

-it  HE  three  planets,  orafteroids  (according  to  Dr.  Herfchel),  Tables  obtained 
lately  difeovered,  being  fo  very  fmall,  are  not  eafily  found,  ofSe^Uces  of 
unlefs  the  obferver  is  acquainted  with  the  place  where  he  is  the  new  planets, 
to  look  for  them.  This  uncertainty  induced  fome  agronomical 
gentlemen  to  defire  me  to  inquire,  if  there  were  not  any 
ephemeris  of  their  motions  publi filed  abroad.  I  complied  with 
their  requeft,  and  Mr.  Bode  has  very  obligingly  communi¬ 
cated  to  me  the  following  written  account  of  their  refpeclive 
fituations,  calculated  for  the  Obfervatory  at  Berlin,  (that  of 
Juno,  according  to  a  table  of  his  own  calculation).  If  yon 
think  this  communication  may  be  interefting  to  the  agrono¬ 
mical  readers  of  your  Philofophical  Journal,  I  beg  you  will 
make  ule  of  it. 

I  am,  Sir, 

Your  moft  obedient  humble  fervant, 

10,  St.  Alban's  Street ,  A.  F.  THOELDEN. 

May  13,  1805. 

P.  S.  A  new  edition  of  Mr.  Bode’s  fmall  Celeftial  Atlas 
has  juft  been  publifhed  ;  with  a  Catalogue  of  5500  Stars,  after 
PiazzPs  obfervations.  This  laft  w'ork  can  be  had  feparate. 

Any  gentleman  who  may  be  defirous  of  one  or  both  thefe 
works,  will  be  fupplied  in  a  reafonable  time  after  fending  an 
order  to  me. 

*  For  a  very  clear  and  rational  report  of  a  ftearn-engine  in  horfe- 
powers,  fee  our  Journal,  IX.  p.  215. — W.  N. 
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VIII. 

Ijtiter  from  Profejfor  Pini,  Infpeftor  of  Mines  to  the  Italian 
Republic ,  to  J.  C.  Dklametherie,  on  Corindon  found  in 
Italy  * 

The  interePt  you  take  in  publifhing  diPcoveries  in  natural  Beautiful  red 

i  -n  •  J  t  .  •  i  adamantine  fpar 

mitory  in  your  excellent  Journal,  induces  me  to  communicate  £ound  -m  iXA\yt 
to  you  a  mineralogical  rarity  lately  found  on  a  mountain  of  the 
Italian  republic:  it  is  a  very  fine  corindon,  or  adamantine 
fpar,  of  a  deep  ruby  colour.  I  Paw  it  for  the  brPt  time  among 
the  minerals  which  the  learned  Brochi,  proteffor  of  natural 
h  iffory  at  Brefcia,  had  made  a  fhort  time  before  in  the  depart¬ 
ment  of  Serio.  At  the  firft  view  he  conlidered  it  as  a  teld- 
(par,  of  which  it  has  all  the  appearance;  and,  in  fadf,  the 
corindon  being  a  fubftance  which  hitherto  has  only  been  fur* 
niflied  by  countries  far  diflant  from  us,  it  would  have  been 
imprudent  to  have  judged  otherwife  at  6rfl :  but  the  colour  ot 
itone,  exactly  refembling  that  of  a  red  corindon  which  I 
brought  from  Paris,  given  to  me  as  coming  from  Madras, 

Jed  me  to  Puppofe  that  it  did  not  differ  from  it. 

But  as  ProfelTor  Brochi  purpofed  meeting  me  in  a  fhort 
time  at  Milan,  to  which  place  I  was  going,  we  poPtponed  the 
verification  of  this  fufpicion.  When  he  law  the  red  corindon 
from  Madras,  in  my  poffeffion,  he  no  longer  doubted  the 
identity  of  its  fpecies  with  that  of  our  fample.  I  afterwards 
difeovered  the  fame  identity  in  the  trials  to  which  I  lubmitted 
it :  the  following  are  the  refults  : 

iff.  The  corindon  of  Italy  fcratches  the  hardeft  roek-cryftal.  Examination. 
2d.  It  does  not  melt  before  the  blow-pipe,  either  alone  or  with  ^dfinb^?‘ 
the  addition  of  borax.  3.  Its  texture  is  in  laminae,  which  iol-  Laminar  tex- 
low  different  directions.  4th.  Its  fiffure  is  triple,  and  whence-  4*  Fiffure 

3tl(i  dflPlCo 

it  is  cut  in  the  three  directions,  it  offers  a  rhomboid,  the  acute  ^  Refleaion  of 
angle  of  which  is  64|°.  5th.  Its  crofs  fradture  fhews  the  light.  6.  SP. 
Pplendor  of  the  diamond,  and  reflects  the  light,  the  flafltes  ofgiavIty* 
which  are  almoff  the  colour  of  lilver,  6th.  Its  fpecific  gravity 
is  3.87,  which  is  the  mean  of  that  of  the  true  corindon. 

Hitherto  it  has  been  met  with  in  a  mountain  of  micaceous  Is  found  on  a 
fchiftus,  in  pieces  of  feveral  inches  in  length,  which  are  amor- 

*  From  Journal  do  Phyfique,  Vendemi^re,  An  XIII. 
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Countries  where 
corindon  is 
found. 


The  fpecimens 
of  European 
ftones  called  co 
rindon  do  not 
belong  to  that 
fpecies. 


phous  and  opake,  but  femi-tranfparent  on  the  thin  edges. 
ProfelTor  Brochi  and  I  purpose  making  new  refearehes  there, 
which  may  lead  to  fome  more  interefling  difcovery. 

In  the  mean  time  it  will  no  longer  be  doubled,  that  the 
corindon  is  a  product  of  Europe.  M.  de  Bournon,  with 
whofe  memoir  on  corindon,  inferted  in  the  Journal  des  Mines, 
Vol.  XIV.  you  are  well  acquainted,  has  noticed  the  different 
countries  which  furnifh  this  fubfiance;  they  are  the  ifland  of 
Ceylon,  the  peninfula  of  India,  and  in  particular  Madras, 
the  Carnatic,  and  China.  He  concludes  his  interefting  de¬ 
tails  by  enquiring  whether  this  fubfiance  exifis  in  other  coun¬ 
tries,  except  thole  acknowledged  to  be  the  chief,  if  not  the 
exclutive  lituations  ol  this  (pecics.  This  queftion  arifes  from 
teveral  Bones  lound  in  Europe  having  been  given  as  corin- 
dons.  In  fact,  thofe  collected  in  Germany  were  found  to  be 
fometimes  feldfpars,  and  fometimes  the  Jihorlartiger-berj/ll  of 
Werner,  your  leucolite.  That  mentioned  in  the  Mufeum 
Brittanicum  as  coming  from  Tyrie,  on  the  eafiern  coafi  of 
Scotland,  was  far  from  having  the  hardnefs  belonging  to  this 
fpecies ;  that  from  Chefnut-hill  near  Philadelphia,  announced 
by  Mr.  Smith,  was  difeovered  by  Mr.  Richard  Phillips  to  be 
a  fragment  of  badly  cryfiallized  quartz.  It  only  remained  to 
decide  on  the  feldfpar  found  by  Bournon  in  France,  in  the 
province  of  Forez,  the  defeription  of  which  he  lent  to  you  in 
a  letter  inferted  in  the  Journal  de  Phyfique  for  June  1789, 
and  which  he  Bill  confiders  as  a  true  corindon. 

This  fubBance  appears  to  be  the  fame  as  that  you  have 
called  andaloufite,  and  which  fome  dealers  in  natural  hiftorv 
have  circulated  in  commerce  by  the  name  of  adamantine  fpar, 
from  the  kingdom  of  Caftile  :  it  has  been  placed  bv  Abb6 
Hauv  in  the  appendix,  which  contains  thofe  fubfiances,  the 
nature  oi  which  did  not  appear  to  be  fufficiently  known  to 
permit  him  to  aflign  them  a  place  in  his  method.  He  calls  it 
af  '  feldfpar.  Thus  we  may  be  fatisfied  that  hitherto 
the  no  »  ertaintyof  corindon  having  been  found  in  Europe. 
1  flatter  myfelf  that  now  there  will  be  no  doubt  on  the  corin¬ 
don  of  Italy  which  I  have  the  honour  to  announce  ;  it  is  not 
even  deficient  in  the  fpecific  gravity  belonging  to  this  fub¬ 
Bance  ;  a  defeft  which  induced  Piofetlor  Hauv  not  to  ac¬ 
knowledge  the  feldfpar  of  Forez  to  be  a  corindon, 

u 


disclosure  of  manufacturing  processes. 


If  rubies  and  fapphires  be  clafted  with  corindon,  as  many  Probability  that 
mineralogies  feem  difpofed  to  do,  Europe  will  probably  have  £ord  j^e  precious 
mines  of  thefe  precious  ftones  as  it  already  has  mines  of  erne- gems, 
raids,  fueh  as  thofe  of  Limoges,  difcovered  bv  he  learned 
Lelievre,  counfellor  of  the  mines.  But  thefe  ftones  will  be 
rubies,  fapphires,  and  emeralds  of  mineralogifts,  but  not  of 
the  jewellers,  until  they  lhall  be  found  very  tranfparent, 
which  I  hope  will  be  the  fruit  of  new  refearches,  followed 
with  perfeverance. 

HERMENEGILDE  PINI. 


IX. 

On  difclofing  the  Procefs  of  Manuf a  Stories.  In  a  Letter  from 

Mr.  John  Clennell. 


To  Mr.  NICHOLSON. 


My  Dear  Sir,  Neivcaftle ,  Feb.  17,  1805. 

Permit  me  to  intreat  the  attention  of  fome  of  your  nu-  Interefting  quef- 

merous  correfpondents  towards  a  queftion  which  muft  cer-  th^difclofure^of 
tainly  be  interefting  to  every  manuiaL  jrer,  but  of  which  no  manufacturing 
regular  dilcuftion  has  yet  been  offered— Is  it  proper  or  im-  I  roce^es‘ 
proper  to  lay  before  the  public  in  reipedable  periodical  works, 
a  full  and  impartial  ftalement  of  the  various  proceifes  of  our 
manufactories  ?  I  fliall  ftate  fuch  reafons  as  have  offered 
themfelves  to  me  why  they  lliould  be  d i  1  played,  but  J  am 
principally  anxious  to  receive  further  information  on  a  lubjedt 
that  appears  to  me  peculiarly  interefting. 

The  firft  argument  I  (hall  adduce  is  that  of  Mr.  Boyle,  as 
quoted  by  Dr.  Johnfon  in  the  201ft  number  of  the  Rambler. 

The  excellency  of  manufactures,  and  the  facility  of  labour.  Argument  of 
would  be  much  promoted,  if  the  various  expedients  and  con-  ^°y^e» 
trivances  which  he  concealed  in  private  hands,  were,  by 
reciprocal  communications,  made  generally  known  ;  for  there 
are  few  operations  that  are  not  performed  by  one  or  another 
with  fome  peculiar  advantages,  which,  though  fwgly  of  little 
importance,  would,  by  conjunction  and  concurrence,  open  new 
iplets  to  knowledge,  and  give  new  powers  to  diligence.” 


The 
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confirmed  by  ex¬ 
perience. 


Accidental  difco- 
veries  improved 
by  difclofure. 


Science  would 
be  thus  intro¬ 
duced  into  work- 
ihons,  & c. 


The  fecond  is  the  very  confiderable  improvements  that  have 
taken  place  in  tliofe  lew  manufactories  which  have  yet  been 
under  the  influence  of  chemical  enquiry  ;  thus  realizing,  but 
on  a  very  extenfive  fcale,  the  fuggeftions  of  Mr.  Boyle  :  fo  tar 
therefore  as  we  are  to  be  guided  on  the  one  hand  by  experience, 
and  on  the  other  by  the  influence  of  fcientific  enquiry  on 
liberal  difplay,  will  the  argument  be  in  our  favour. 

In  the  third  place  I  would  obferve,  that  as  many  very  va¬ 
luable  difcoveries  are  owing  to  accident,  thofe  with  whom  they 
happen  are  frequently  perhaps  incapable  of  improving  them 
to  the  extent  they  would  admit  of  in  the  hands  of  men  of 
fcience,  and  thus,  by  a  fpirit  of  monopoly,  preclude  even 
themfelves  from  the  advantageous  cultivation  ol  fuch  difco- 
veries,  merely  left  others  might  enjoy  it  alfo.  If,  again,  we 
confider  the  rapid  progrefs  that  has  been  made  of  late  years 
in  every  department  of  ufeful  and  pra&ical  knowledge,  we 
mufi  attribute  it  entirely  to  thofe  liberal  communications  that 
have  been  made  by  men  whofe  attention  has  been  immediately 
directed  to  the  promotion  and  improvement  of  every  thing 
valuable  to  the  public.  Again,  the  profits  of  every  buflnefs 
depend  on  the  regularity  and  knowledge  with  which  it  is 
conduced  ;  but  how  is  the  la  ft  to  be  enjoyed  without  re,, 
fources  to  apply  to,  and  how  much  more  eafily  would  it  be 
obtained  if  fcience  could  regulate  and  Amplify  the  combina¬ 
tions  of  the  manufacturer?  If  to  accomplifh  by  every  thing 
employed  (and  even  in  many  cafes  the  refufe)  in  each  procefs 
its  utmoft  poflible  ufe,  is  a  favourite  principle  with  manufac¬ 
turers  ;  to  take  the  moft  accurate  and  beft  adapted  means  to 
effect  it,  ought  certainly  to  be  as  powerful  with  them.  Is  it 
not  alfo  obvious,  that,  to  difeard  all  myftery  and  quackery, 
and  fairly  to  difclofe  each  procefs,  is  to  invite  the  attention 
of  men  of  fcience  and  refearch  to  extend  any  advantages 
gained  by  chance  or  otherwife,  and  to  difeover  greater  utility 
in  the  various  fubftances  employed.  The  origin,  progrefs, 
prefent  ftate,  and  hints  for  the  improvement  of  the  “  arts  of 
life,”  would  certainly  be  worthy  the  contemplation  of  our  firft 
chemifts,  and  are  fubjech  that  have  appeared  of  fuch  impor¬ 
tance  to  a  neighbouring  nation,  that  many  of  their  moft  emi¬ 
nent  men  have  been  employed  in  them  ;  and  fome  volumes 
of  the  Encyclopedic  Methodique  arc  dedicated  to  fuch  informa¬ 
tion,  with  plates  too,  in  feveral  inftances  difplaving  even  the 
moft  minute  work-tools  employed  in  each. 


The 
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Thehiftoryand  detail  of  manufactories  coi  Tided  ineachplace  Some  objections 
ought,  I  prefume,  to  form  a  principal  object  with  tiie  writers  0j[  Uil  ^ j* 
local  hiftories;  yet  very  few  of  thofe  gentlemen  are  enabled  to 
obtain  fuch  accounts  as  they  can  depend  on,  from  the  felfifh 
and  monopolizing  jealoufy  of  manufacturers  in  general.  To 
thefe  various  advantages  an  objection  may  be  offered,  “  That 
dilplay  is  placing  objects  of  taxation  in  the  hands  of  minifters: 
be  it  fo;  difplay  will  make  it  ealier  to  collect  the  tax,  will 
make  it  more  certain,  and  it  may  be,  Itfs  opprejfive  :  if  to 
thefe  be  added  the  above  advantages,  it  may  fairly  be  pre¬ 
fumed,  that  difeovery  and  confequent  improvement  is  the 
moft  advantageous  track  to  be  purtued  ;  but,  my  dear  Sir,  I 
beg  your  pardon,  on  this  fubjett  I  did  not  mean  to  offer  my 
own  opinion  fo  much  as  to  folicit  information  from  that  of 
others. 

I  am  truly  your’s, 

JOHN  CLENNELL. 

How  far  literary  purfuits  are  compatible  with  the  duties  of Literary purfuit# 
the  commercial  man,  or  the  manufacturer,  feems  a  queftion  are^0™P^tl^.e 
fo  completely  decided  in  the  affirmative,  in  the  fir  ft  volume  of  0f  merchants  an4 
the  Manchefter  Memoirs,  by  Mr.  Henry  ;  in  the  fecond  volume  manufacturers, 
of  the  fame  work,  by  Dr.  Barnes;  and  in  the  hundredth  num¬ 
ber  of  the  Lounger, — that  the  above  paper  affumes  the  prin¬ 
ciple  as  being  fully  eftabliffied.  J.  C. 


X. 


Quejlion  refpeSiing  the  Purification  of  Copper .  By  J.  P.  With 

a  concife  Reply.  W.  N. 


copper  in  its  pure  ft  hate  (efpecially  out  of  London)  for  Question  re- 


As 

man u fad uring  different  articles,  cannot  be  obtained  without  PIJ' 

a  very  tedious  procefs ;  as  it  forms  the  principal  ingredient  in  per#  n  C  * 
mirrors  for  receding  telefcopes,  and  likewife  is  much  ufed 
as  an  alloy  for  gold;  if  it  is  impure,  it  never  fails  to  render 
the  gold  fo  alloyed  brittle,  and  not  to  be  reftored  to  its  duc¬ 
tility  until  the  impure  alloy  be  wafted  by  fubfequent  meltings, 
to  the  lofs  and  difappointment  of  the  workman.  Required, 

therefore. 
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Reply* 


TXcnption  of 
the  means  of 
coating  iron 
bars  :  by  refer¬ 
ence  to  the 
drawing. 


CONNECTING  AND  COATING  OF  IRON  BARS. 

therefore,  a  method  of  purifying  the  copper,  particularly  for 
the  latter  purpofe  ? 

Your’s  refpeftfully, 

Morley  Street,  J.  P.  Jun. 

Newcaf  le-upon-  Tyne, 


As  the  proceffes  for  refining  copper  in  the  large  way  are 
grounded  upon  its  property  of  rafting  oxidation  more  than 
the  other  metals  which  are  uiually  combined  with  it,  it  may 
be  advifeable  to  adopt  the  procefs  of  Pelletier,  with  a  due 
attention  to  the  manipulation  and  the  proportion  of  manga- 
nefe  to  be  made  ufe  of.  The  very  interefting  letter  of  Mr. 
Thomfon  in  the  prefent  Number,  will  indicate  the  principles 
of  operation.  Mr.  Hatchett’s  excellent  papers  in  the  Philo- 
fophical  Tranfadtions,  of  which  a  correct  abridgement  is  given 
in  our  V.  and  V I.  Volumes,  fliew’  the  milchievous  confequences 
of  impurity  in  the  copper  for  alloying  the  precious  metals ; 
and  it  is  but  too  well  known,  that  it  is  difficult  to  be  pro¬ 
cured,  or  even  to  be  made  pure,  upon  a  fcale  of  extenfive 
magnitude. 

W.  N. 


XI. 

Description  of  a  Method  of  conne&ing  Iron  Bars,  and  coating 
them  with  Lead ,  jo  as  to  form  folid  Pillars  for  Light-houjes 
on  Bocks  covered  at  JJigh-ivater,  and  to  defend  them  from 
Corrofion.  By  Copt.  Joseph  Brodje,  of  the  Royal  Navy .* 

f  IG.  I,  Plate  V.  A  thews  four  rods  of  caft  iron,  compofed 
of  a  number  of  pieces  two  feet  long,  rivetted  together,  in  a 
manner  explained  by  the  plate,  fo  as  to  produce  the  eflfedl  of 
one  bar  of  the  thicknefs  of  the  whole,  B.  A  tube  of  caft  iron, 
formed  from  a  number  of  feparate  pieces,  each  about  ten 
inches  long,  and  which,  when  placed  round  the  iron  rods 
above-mentioned,  and  then  ferewed  together,  form  a  mould, 
into  which  the  melted  lead  is  to  be  poured,  to  coat  the  iron 

*  Communicated  to  the  Society  of  Arts  (Memoirs,  mdccciv. 
25S.)  who  voted  him  the  gold  medal. 


rods. 


NITROUS  ACID. 


rods.  C.  A  portion  of  the  rods  covered  with  the  melted  lead, 
fo  as  to  form  a  cylindrical  pillar  apparently  of  lead,  the  iron 
being  perfe&ly  coated  therewith. 

Fig.  2.  D  thews  the  manner  in  which  the  hollow  cylinder  is 
formed  to  any  length  required,  by  the  jundtion  of  a  number  of 
femi-cylinders  rivetted  together  and  fitting  each  other.  E, 
the  fide  flanges  fcrewed  dole  together.  F,  the  end  flanges 
alfo  fcrewed  together,  as  prepared  for  the  melted  lead. 

After  a  certain  portion  of  the  iron  rods  are  coated  with  lead, 
the  lower  parts  of  the  tube  are  taken  off' and  placed  higher  up; 
by  which  repeated  changes,  a  few  tubes  will  anfwer  the  pur-, 
pofe  to  coat  any  length  of  the  iron  rods. 


XII. 

Reply  to  Mr.  Accum’s  loft  Letter  on  the  Production  of  Nitrous 

Acid.  By  W.  F.  S  * 

To  Mr.  NICHOLSON. 

SIR, 

I  THINK  Mr.  Accum  by  no  means  throws  off  the  charge  Remarks  on 
of  cenfure  with  which  he  is  accufed,  upon  fo  material  a  part  j^*rAccurns 
of  the  modern  theory.  He  ought  to  have  been  more  explicit, 
and  in  fo  nice  and  fo  difputed  an  experiment,  to  have  given 
us  a  minute  detail. 

I  have  performed  the  experiment  which  he  fpeaks  of,  but  Unfuccefsful  at> 
I  could  detect  no  nitrous  acid  after  the  procefs.  The  air  gra-  tfmpts  t0.rePGat 

.  .  °  the  experiment 

dually  diminifhes  by  the  eleftric  ipark,  but  this  diminution  is  of  forming  ni- 

owing  to  the  oxigen  gas  producing  a  calcination  of  the  metals  trous  acjd* 

employed,  for  the  pureft  oxigen  gas  anfwers  better  than  when 

mixed  with  nitrogen.  Therefore  I  hope,  if  Mr.  Accum  pof- 

feffes  a  more  accurate  experiment,  he  will  give  it  through 

your  journal:  certainly  the  prefent  ftate  of  modern  chemiffry 

requires  a  very  minute  inveftigation.  I  hope,  Mr.  Nicholfon, 

you  will  not  refufe  inferting  {this  in  your  Journal, 

London ,  May  2. 


*  See  our  Vol.  X.  p,  109  and  214, 
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MR.  WILSON  ON  ELECTRICITY. 


XIII. 

Experiments  on  the  Electricity  of  Metallic  Filings  ftflcd  through 
Metal ;  ivith  Remarks  in  an  fleer  to  a  Letter  of  Mr.  CuthberU 
fun.  By  Mr.  Wm.  Wilson.  (From  the  Author.) 


To  Mr.  NICHOLSON. 


SIR. 


I 


An  error  pointed  ^N  the  laft  number  of  your  Philofophical  Journal,  I  find  a 

out  by  Mr.  letter  from  Mr.  Cuthbertfon,  containing  fome  remarks  on  my 

Cuthbertfon  ad-  .  .  7 

miCCtcj,  letter  on  the  electricity  or  metals,  in  which  he  notices  an  error 

in  the  table  of  refults  of  experiments,  that  had  efcaped  my 

notice  till  I  read  his  letter.  In  that  table  I  have  by  mifiake 

put  P  againft  copper  filings  lifted  through  zinc  infiead  of  N. 

Copper  filings  when  lifted  through  zinc  are  electrified 
firongly  with  negative  eledricity. 

Mr.  C.*s  otjec-  Mr.  C.  in  his  other  remarks  does  not  feem  to  admit  that  the 

non  r°  the  pro  feparating  the  metals  from  contad  is  the  caufe  of  the  eledrical 
auction  or  elec-  »  o 

tricity  by  mere  fluid  being  excited  and  not  touching,  becaufe  both  touching 

reparation  of  and  feparatillg  are  employed.  In  the  way  the  experiments 

metals,  conh-  ■  1  n  t  J  J  .  ‘ 

dered.  were  made  touching  takes  place  two  ways,  viz.  the  filings 

The  metallic  come  in  contad  with  the  metal  plate  they  are  lifted  into,  and 

fieve,  zTtfepara-  they  are  in  contact  with  the  tieve  before  they  are  lifted  through 

it;  but  I  cannot  conceive  how  either  of  thefe  contacts  could 

caufe  the  excitation  of  the  eledricity  in  the  experiments.  It 

the  confad  of  the  filings  with  the  plate  they  were  lifted  into 

was  the  caufe,  we  lliould  have  had  (he  fame  effed  with  the 

fame  filings,  whatever  metal  the  fieve  was  made  ol  they  were 

fifted  through  ;  becaufe  as  they  were  always  lifted  into  the 

fame  plate,  the  fame  metal  filings  always  came  in  conlad  with 

the  fame  metal  plate,  and  confequently  we  lliould  have  had 

the  fame  effeds  in  all  cafes  with  the  fame  filings;  whereas  out 

—and  in  the  of  the  ten  forts  of  filings  that  were  ufed  there  was  only  one 

ffl  cor.toJ  there  meej)  (hat  produced  the  fame  efled  with  the  different  fieves ; 

and  if  the  confad  of  the  filings  with  the  fieve  excited  any  elec* 

trie  fluid,  it  would  be  diflipated  as  fall  as  excited,  becaufe 

— confequently  neither  the  tieve  nor  the  filings  were  infulated  ;  coniequently 

it  depends  on  jt  could  have  no  efled  on  the  refults  of  the  experiments. — 

Therefore  fince  neither  of  thefe  eontads  excited  the  fluid,  it 

mull  have  been  excited  by  the  reparation. 


fed,  and  touch 
the  receiving 
metal. 

As  the  el. 
varies  with  the 
fieve  it  does  not 
depend  on  the 
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I  think  the  following  experiments  will  put  this  beyond  a 

doubt:  1.  I  fattened  a  piece  of  card  into  a  (tick  of  glafs,  and  An  fnfulat?d 

then  rubbed  it  over  with  ftrong  gum  water  and  covered  it  with  ^  °f 1  ,ui» 

filings  of  zinc;  fo  that  when  it  was  dry,  it  had  a  lurtace  of  filings  was  ufe^ 

filings  of  zinc.  From  a  heap  of  the  fame  filings  I  took  up  ast°P0Ur  Z!nc 

{  .  ...  filings  on  a 

much  as  I  could  on  this  little  (hovel  without  touching  it  with  bright  plate  of 

any  thing  elfe,  and  let  them  fall  very  (lowly  upon  a  piece  ofcoPPer. 

bright  tlieet  copper  fattened  in  an  inclined  pofition  upon  the 

cap  of  an  electrometer,  and  formed  into  a  receptacle  at  its 

lower  part  to  contain  the  filings.  In  this  operation  almofi  The  copperplate 

every  particle  of  filings  necetfarily  came  in  contact  with  die  ge<^nc ">L  c-e^rl" 

face  of  the  copper.  A  (ter  letting  fall  upon  the  copper  about 

an  ounce  and  a  half  of  filings  there  was  not  the  leatt  fenfible 

effect  on  the  electrometer.  2.  I  then  took  a  piece  of  the  fame  A  copper  fteve 

fheet  copper,  which  was  pierced  full  of  fmall  holes,  and  lifted  infoacfof^th* 

through  it  the  fame  filings  I  had  ufed  in  the  above  experiment,  /hovel. 

upon  the  fame  copper  on  the  electrometer,  and  the  gold  leaves  The  copperplate 

diverged  with  pofitive  electricity  and  difcharged  themfelves  ^ r|*‘°ng!y 

againft  the  flips  of  tin  foil  on  the  infide  of  the  glafs  ten  times 

before  the  whole  of  the  ounce  and  half  of  filings  were  fifted 

into  it. 

Now,  fince  the  feparating  the  two  metals  from  contaCf  in  Separation  was 
the  fecond  of  the  above  experiments  is  the  only  difference  be»*‘( 
tween  them,  and  as  the  electric  fluid  was  excited  only  in  the  city, 
fecond,  I  think  we  may  fafely  conclude  that  that  feparation  was 
the  caufe  of  the  excitation,  and  not  touching. 

I  am  very  much  inclined  to  believe  that  the  excitation  that  Electric  excita- 
takes  place  in  friction  is  caufed  by  the  fame  circumflance,  and  tl°.n 2s  Pr°bab!y 
that  the  friction  does  nothing  more  towards  the  excitation  than  kind, 
bring  the  different  parts  of  the  fubftance  that  are  rubbed  to¬ 
gether  into  contaCt,  and  feparate  them  from  it. 

I  am  your  obedient  humble  fervanf, 

WILLIAM  WILSON. 
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XIV. 

Reply  to  Mr.  Bofwell.  By  An  Old  Correspondent. 

To  Mr.  NICHOLSON. 

SIR, 

XA/" HEN  I  began  to  read  your  correfpondent,  Mr.  BofwelRs 
anfwer  to  my  obfervations  on  his  geometrical  propofitions,  and 
found  myfelf  accufed  of  having  “  thrown  fome  very  undeferved 
reflections’*  on  his  communication,  I  could  not  help  feeling 
a  degree  of  apprehenfion  left  I  fhould  inadvertently  have  made 
fome  mt flake  or  other,  for  which  I  mult  have  been  obliged  to 
apologize  to  him  and  to  the  public;  but  on  perufing  the  letter 
through,  I  was  not  a  little  (urprifed  to  have  found  but  one  re¬ 
flection  pointed  out,  and  that  applying  not  to  the  matter  but 
manner  of  my  obfervations ;  it  feems  I  have  accufed  him  of 
being  too  confident  in  one  of  his  aflertions  ;  a  literary  crime,  of 
which  he  exculpates  himfelf  by  proving  from  a  quotation,  cer¬ 
tainly  very  much  to  the  purpofe  if  we  make  no  diftinHion  be¬ 
tween  doubt  and  diffidence,  that  he  is,  on  the  contrary,  a  very 
diffident  writer,  which  quotation,  to  be  fure,  contrafled  with 
an  expreflion  that  fell  from  my  pen,  might  beconclufive,  if  the 
two  paflages  were  applicable  to  the  fame  thing;  but  unfortu¬ 
nately  it  turns  out,  on  clofer  examination,  that  the  accutation 
applies  exclufively  to  Mr.  B’s  fecond  propofition,  and  his  ex¬ 
culpatory  quotation  exclufively  to  his  firft. 

Had  1  committed  myfelf  fo  far  as  to  fay  that  he  announced 
his  firft  propofition  with  confidence,  I  muft  have  ftood  clearly 
ConviHed  of  having  done  him  injutlice  ;  but  as  it  was  his  fe¬ 
cond  propofition,  or,  in  other  words,  his  other  fad  in  geometry, 
to  which  my  objectionable  obfervations  Jblely  applied,  he 
ought  to  have  quoted  what  he  has  laid  about  it,  and  about  it 
only ,  as  evidence  againft  me;  he  has,  however,  directed  his 
arrow  at  a  wrong  mark,  on  which  account  I  claim  the  reader’s 
indulgence  to  repeat  the  pafl'age  alluded  to,  which  is  the  only 
paflage  in  Mr.  B’s  paper  that  relates  to  his  fecond  propofition  : 

The  difcovery  of  a  fact  in  geometry  often  leads  to  another  ; 
one  of  this  kind  I  have  here  to  add,  which  is,  that  a  right  line 
(BE)  drawn  from  the  extremity  B  of  the  line  I  B,  at  right 
angles  through  the  oppofite  diameter  (I  F)  to  the  circumfer¬ 
ence. 
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ence,  will  be  equal  to  a  fourth  of  the  circumference.”  In  this  Explanatory 

■*  t  «  # 

annunciation,  which  is  an  appendage  to  the  main  fubject  or  firft  g ^  > s°] ^ 1 1 e r f * 
propofition,  and  evidently  not  included  in  the  prefatory  apo¬ 
logy,  I  fee  nothing  like  a  fufpicion  of  inaccuracy  exprefled, 
or  even  hinted  at,  and  confequently  can  trace  no  mark  of  diffi¬ 
dence,  now  that  I  come  to  examine  it  again;  on  the  contrary, 

I  repeat,  that  a  fa£t  is  confidently  aflerted  to  exift,  which  has 
been  proved  not  to  be  a  fact,  both  by  mylelf  and  by  Mr. 

Gough,  to  whole  teftimony  probably  the  reader  will  pay  fome 
deference,  particularly  as  this  gentleman  has  ingenioully  fiiovvn 
that  another  line  in  the  circle  poflefles  the  identical  property 
erroneoufly  attributed  to  the  line  BE,  and  that  previoully  to 
Mr.  BA  complaint  being  made  public:  to  the  reader,  there¬ 
fore,  the  fallenefs  or  juftice  of  my  obfervation  or  '*  reflection” 
mud  be  referred;  and  it  will  anfvver  the  purpofe  of  both  Mr. 

B.  and  myfelf,  if  he  will  let  the  affair  drop  here;  for  he  will 
then  Hand  a  good  chance  of  being  reputed  what  is  his  princi¬ 
pal  aim,  a  diffident  writer,  and  I  fliall  ceafe  to  be,  what  fome 
of  your  readers  betides  Mr.  B.  may  poldibly  be  difpofed  to 
think  me,  a  caviller. 

I  am.  Sir,  once  more. 

An  OLD  CORRESPONDENT. 

May  17,  1805. 

P.  S.  The  mathematical  portion  of  your  readers  need  not 
be  informed,  that  the  forgetfulnefs  imputed  to  me,  refpe&ing 
the  affumed  approximation  iubflituted  for  the  exafi  ratio  of  the 
diameter  to  the  circumference  of  a  circle,  is  a  charge  applying 
with  equal  propriety  to  every  mathematician  who  has  deduced 
calculations  depending  on  the  area  of  a  circle:  even  Mr. 

Gough,  whofe  mathematical  tkill  is  juftly  the  admiration  of 
thoufands,  whom  he  has  never  feen,  and  is  doomed  never  to 
fee,  has  fomehovv  been  obliged  to  be  guilty  of  the  fame  want 
of  recollection,  though  his  calculations  may  be  confidered  as 
therefult  of  demonjlratii'e  truth. 

It  remains  now  for  Mr.  Bofwell  to  (how  the  fcientific  world, 
by  an  example  or  two,  how  he  applies  his  difeovery  to  prac¬ 
tical  meafurements,  which  it  is  prefumed,  will  prove  a  com¬ 
munication  of  general  intereft. 


Vol.  XI. — JuNt,  1905. 


r 


Defcription 


114 


MR.  HARDY’S  BANKING. 


Importance  of 
the  ftop  or  hank¬ 
ing  piece  ufed  to 
prevent  extreme 
vibrations  in 
time-pieces. 


The  author’s  in 
vention  is  con¬ 
firmed  by  long 
trial. 


and  teftimony. 


The  banking  is 
required  in 
watches  which 
have  a  vibration 
through  very 
great  arcs. 


XV. 

Defer  ip  ti  on  of  an  accurate  Method  of  hanking  the  Balance  of 
a  Time-keeper.  By  , Air.  William  Hardy.  Extruded 
from  his  Letter  to  Chas.  Taylor,  Efq.  Sec.  to  the  Society 
of  Arts.* 

SIR, 

T.  HIS  letter  is  accompanied  with  a  drawing,  a  deferiptiorr, 
and  a  model,  of  a  more  perfeft  mode  of  banking  the  balance 
of  a  time-keeper,  than  any  that  has  yet  appeared ;  and  its  ap¬ 
plication  to  a  time-keeper  is  a  matter  of  tuch  real  importance, 
that  the  mod  accurate,  without  this  mod  necedary  appendage, 
is  liable  to  fuch  derangement,  that  from  the  mod  trivial  caufe 
it  is  in  one  moment  rendered  ufelefs. 

To  preferve  the  good  qualities  of  the  time-keeper,  on 
which  often  the  drength,  the  wealth,  the  grandeur,  and  fafely 
of  this  great  empire  depend,  I  deem  it  necedary  that  my  in¬ 
vention  fhould  be  laid  before  the  Society  of  Arts,  as  the  means 
of  its  being  more  generally  known;  and  I  hope  that  I  {hew 
proper  refpedt  to  the  Society,  when  I  ad'ure  you  that  I  do  not 
oder  any  crude  idea,  neither  could  I  think  of  giving  you  any 
trouble,  until  1  had  fully  verified  the  utility  of  my  contrivance 
by  feveral  years  trial.  As  I  can  produce  the  tedimony  of 
fome  of  the  mod  eminent  watchmakers  in  favour  of  my  inven¬ 
tion,  I  look  forward  with  fome  degree  of  confidence,  in  ex¬ 
pectation  of  obtaining  the  approbation  of  the  Society. 

It  was  at  fird  imagined,  that  a  banking  to  a  watch  with  a 
free  efcapement  was  quite  unnecefiary,  as  the  limits  of  bank¬ 
ing  were  fo  great  as  to  admit  of  almod  twice  360,  or  720  de¬ 
grees  ;  but,  on  trial,  the  balance  was  frequently  found  to  ex¬ 
ceed  (his  quantity,  and  that  a  very  flight  motion  given  to  the 
time-keeper  (particularly  when  the  axis  of  the  balance  be¬ 
came  the  axis  of  that  motion),  was  (udicient  to  alter  the 
drength  and  figure  of  the  pendulum-fpring,  and  pofition  of 
the  pieces  in  relpect  of  the  balance-wheel,  fo  as  to  change  the 
rate  of  the  lime-keeper  j  and,  what  was  worfe,  require  a 

*  In  their  Memoirs  for  ISO I.  A  premium  of  30  guineas  was 
awarded  for  this  invention. 


new 


fv  r  R .  hardy's  banking* 


115 


netv  adjuftment  of  the  balance,  to  accommodate  itfelf  to  the 
changes  made  in  the  fpring,  and  other  parts  connected  with 
it.  Hence  it  became  neceffary,  that  fome  means  fhould  be 
uted  to  flop  the  balance  at  certain  limits  beyond  its  natural 
arch  of  vibration  ;  and  various  attempts  have  been  made  to 
effect  it.  One  way  is,  by  a  moveable  piece  on  the  axis  of  Former  methods 
the  balance,  which  banks  againft  a  pin,  yet  to  as  to  lurter 
the  balance  to  vibrate  more  than  360  degrees.  Another  me¬ 
thod  is  to  have  a  piece  moveable  on  a  centre  in  one  of  the 
arms  of  the  balance,  and  applying  itfelf  as  a  tangent  to  the 
pendulum-fpring,  which  palfes  through  a  hole  in  the  piece. 

It  has  alfo  a  knee,  which  almoft  touches  the  plate,  and  juft 
palles  free  of  a  pin  placed  in  it.  But  when  the  balance  vi¬ 
brates  lo  as  to  approach  its  utmoft  limits,  the  aftion  of  the 
fpring,  while  in  a  ftate  of  unwinding,  throws  the  piece  out¬ 
ward,  fo  as  to  fall  in  the  way  of  the  pin,  and  flop  the  balance 
from  proceeding  farther.  Another  mode  is  by  a  ftraight  fpring, 
ferewed  upon  the  plate,  having  a  hook  at  the  end  of  it,  into 
which  a  pin  placed  in  the  balance  ftrikes,  when,  as  before, 
the  pendulum-lpring,  in  unwinding,  touches  the  ftraight 
fpring,  and  moves  it  a  little  outwards.  There  is  alfo  a  way 
of  banking  by  means  of  a  bolt,  which  is  thrown  back  by  the 
pendulum-fpring,  and  made  to  fall  in  the  w'ay  of  a  pin  placed 
in  the  rim  of  the  balance.  Thefe  are  the  principal  modes  of  They  are  ok- 
banking  now  in  ule,  and  they  do  not  differ  materially  from 
one  another  in  principle.  But  the  weight  and  fribtion  of  lo  tion. 
many  pieces,  on  fo  delicate  an  organ  as  that  of  a  pendulum- 
fpring,  are  perhaps  nearly  as  hurtful  to  the  time-keeper  as  the 
injury  it  may  fuffain  when  it  is  left  without  any  banking 
whatever. 

In  Figures  I  and  2,  Plate  VI.  the  fame  letters  are  placed,  Dcfcrlpticm, 
to  lignify  the  fame  things.  A  A  is  the  balance  to  which  the  the^ngTav^ft’' 
pendulum-lpring  is  faftened  in  the  ufual  way.  In  one  of  the 
erodes  of  the  balance  is  placed  a  pin  P,  which  ffands  a  little 
way  above  its  furface  ;  and  when  the  balance  is  caufed  to 
vibrate  a  complete  circle,  the  pin  in  its  motion  will  deferibe 
the  dotted  circle  P  O  Q,  and  juft  pafs  clear  of  the  iniide  of 
a  projection  formed  on  a  cock  B,  which  is  faftened  on  the 
plate  by  means  of  a  ferew.  At. about  one-fourth  of  a  turn  of 
the  pendulum-fpring,  reckoned  from  its  ftud  E,  is  p^ced  a 
very  delicate  tapering  piece  of  fteel  S,  having  a  fmall  hole  in 
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Dcfcription,  it,  through  which  the  pendulum-fpring  pafles  ;  and  it  is  faf- 

to' t h /eng ravin g . tenec*  to  by  means  of  a  pin,  and  flands  perpendicular  to 
the  curve  of  the  fpring.  Let  the  balance  be  at  reft,  as  re- 
prefented  in  Fig.  I,  the  banking-pin  at  P,  and  the  banking- 
piece  at  ,<r.  Suppofe  the  balance  is  made  to  vibrate  from  P 
towards  O,  when  P  arrives  at  the  banking-piece  s,  it  will 
pais  it  without  touching,  bccaufe  its  extremity  s  lies  wholly 
within  the  circle  traced  out  by  the  banking-pin.  But  when 
the  banking-pin  P  has  arrived  at  Q,  the  banking  piece  a  will 
•have  advanced  to  t ,  by  the  pendulum-fpring  winding  itfelt 
up  into  the  tigure  represented  by  the  dotted  curve;  and  when 
the  banking-pin  P  (now  at  Q)  returns  back  to  P,  and  pafles 
on  from  P  towards  Q,  to  approach  B,  and  fo  complete  the 
other  hall-arch  of  its  vibration,  before  P  can  arrive  at  the 
banking-cock  B,  the  pendulum-fpring  will  have  unwound 
i t felt  into  the  figure  deferibed  by  the  doited  curve,  and  the 
banking-piece  s  will  have  advanced  into  the  potilion  at  r 
juft  touching  the  banking-cock.  Its  extremity  r ,  however, 
being  thrown  beyond  the  doited  circle,  nmli  neceflanly  fall 
in  the 'way  of  the  banking-pin,  which  arrives  there  almoft  at 
the  fame  moment,  and  is  oppofed  by  it,  without  the  flighted: 
fliock  to  the  pendulum-fpring.  The  model*  renders  anv 
farther  explanation  unnecellary. 

t  :  WILLIAM  HARDY. 

A'0.  61,  Chapel-Street,  near  White-  Conduit- HouJ'e, 

Jan.  18,  1804. 
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Description  oj  a  were  Apparatus  for  making  the  guff  arm  Oxide  of 
Carbon.  Coi/nnunicatid  by  Mr,  Deyeux.  f 


The  progrefs  of 
chemiftry  owing 
chiefly  to  im¬ 
proved  appara¬ 
tus. 

Inftance  in  that 

of  Woulfe. 


It  is  generally  admitted,  that  chemiftry  is  indebted  to  the 
invention  of  various  kinds  of  apparatus,  and  the  perfection  to 
which  they  have  been  brought,  for  much  of  the  progrefs  it  has 
made  within  ihefe  laft  thirty  years. 

For  inftance,  before  Woulle  made  known  his  apparatus  for 
obtaining  the  aeriform  fluids  evolved  from  various  fubftances. 


*  Which  is  preferved  in  the  collection  of  the  Society. 
+  Annales  de  Chimie,  Vol.  Llli.  p.  76. 


•  » 


either 
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cither  when  expofed  to  the  action  ot  fire,  or  when  brought 
into  contact  with  matters  capable  of  combining  with  them, 
tiie  operator  was  obliged  to  employ  bulky  vefTels,  difficult  to  Inconvenience 
manage,  and  fo  inconvenient,  that  he  did  not  wifli  to  apply  ^et^0^^n^ru*' 
them  ;  and  when  he  did,  it  was  impoffible  for  him  to  collect 
the  aeriform  fluids  with  any  accuracy;  for  when  they  were 
rarefied  to  a  contiderable  degree,  they  e leaped  through  aper¬ 
tures  left  purpofely  to  preferve  the  veflels  from  burfling. 

Thefe  inconveniences  are  now  removed  by  Woulfefs  appa-  Contrafted  ad- 

ratus,  fo  that  the  operations  in  which  gafes  are  evolved  may  vanJJgcs  °f 

r  °  J  modern  arrange- 

eafily  be  performed  in  veflels  of  fmall  bulk  ;  the  gafes  may  be  ment  of  veflels. 
fubje&ed  to  calculation;  their  quantity  as  w’ell  as  quality 
afeertained  v\*ilh  the  utmoft  precision  ;  and  operations,  which 
were  formerly  confidered  as  very  hazardous  to  the  operator, 
may  now  be  continued  for  hours  together  without  the  leaff 
fear  of  injury. 

With  thefe  advantages  many  others  are  conne&ed ;  and  it 
is  known  to  every  one,  that  they  are  owing  to  the  degree  of 
perfection  to  which  chemifts  have  brought  Woulfe’s  appa¬ 
ratus,  and  particularly  to  their  happy  application  of  it  on 
various  oecafions. 

Yet,  notwifhftanding  thefe  difeoveries  have  been  carried  a  Improvements 
great  way,  it  is  more  than  probable  that  many  remain  to  be  t0  be 

made  :  too  much  praife  therefore  cannot  be  beftowed  on  thofe 
who  turn  their  attention  to  this  important  objed,  fince  the 
□  pparatufes  they  invent  are  fo  many  new  means  afforded  che- 
mifls  of  collecting  an  infinite  number  of  products  which  fre¬ 
quently  efcape  them,  and  the  knowledge  of  which  may  have 
great  influence  on  the  improvement  of  chemical  fcience. 

From  thefe  motives  I  have  thought  it  may  he  of  ufe  to  make  Invention  of  Mr. 
known  an  apparatus  just  invented  by  Mr.  Baruel,  operator  BaiueI> 
to  the  chemical  lectures  of  the  Medical  School  at  Paris. 

This  young  chemift,  w  ho  had  often  noticed  the  difficulties  for  decompoflng 
and  even  dangers  incurred  when  it  is  necetfary  to  decompofe 
gafes,  or  to  combine  them  with  different  fubftances,  attempted  otheTubflances. 
to  make  fome  alteration  in  the  precedes  commonly  employed 
in  the  laboratory  for  operations  of  this  fort ;  and  after  feveral 
trials  he  invented  an  apparatus,  which  fucceeded  beyond  his 
hopes. 

1  have  feen  this  apparatus  employed  with  the  greafefit  fuc-  Gafiform  oxide 
r»fs  for  the  fabrication  of  the  gafiform  oxide  of  carbon.  This0*  C3rbon  tor' 

■  °  mcrly  procured 

gas,  with  diftkultyfl 


GASIFORM  OXIDE  OF  CARR  OK. 


118 


is  now  eafily  gas,  wliich  formerly  was  to  be  procured  only  with  difficulty 
and  in  fmall  quantity,  may  now  be  obtained  eafily,  readily, 
and  without  much  expenfe,  which  affords  the  advantage  of 
fubjedting  it  to  many  more  experiments  than  lias  hitherto  been 


Other  ufes  of  the 
apparatus. 


Defcription  of 
the  apparatus, 
and  method  of 
procuring  gafi- 
form  oxide  of 

carbon. 

» 


done. 

1  he  apparatus  in  queffion  may  be  of  ufe  likewife  for  the 
preparation  of  lulphurated  hydrogen  gas,  carbonated  hydrogen 
gas,  and  phofphorated  hydrogen  gas:  it  may  likewife  be  em¬ 
ployed  for  laturating  a  gas  with  any  fubffance  whatever,  par¬ 
ticularly  when  a  high  temperature  is  requifite  for  this  falu- 
ration. 

The  better  to  make  known  the  apparatus  of  Mr.  Baruel, 
I  will  give  the  defcription  of  it  communicated  to  me  by  the 
author,  and  add  a  (ketch  of  it,  which  will  give  a  more  com¬ 
plete  idea  of  all  its  parts.  Plate  VIII. 

Suppofe  it  is  required  to  make  galiform  oxide  of  carbon  : 
fome  charcoal  is  to  be  taken  very  dry  and  carefully  chofen, 
broken  into  fmall  pieces,  and  introduced  into  the  three  gun- 
barrels,  B,  C,  D.  The  charcoal  is  to  be  prelfed  lightly  toge¬ 
ther  with  an  iron  rod,  fo  as  to  occupy  only  the  part  of  each 
barrel  that  is  to  be  heated,  but  it  muff  not  be  rammed  hard. 
The  three  gun-barrels  are  then  to  be  placed  horizontally  fide 
by  fide  in  a  reverberatory  furnace,  A,  leaving  about  two 
inches  diffance  between  them  ;  fecured  in  their  places  with 
moiffened  brick  earth,  and  covered  with  the  dome  of  the 
furnace. 

This  done,  fix  in  the  mouth  of  the  barrel  B  the  glafs  tube 
E,  which  is  curved  fo  as  to  admit  its  other  extremity  to  be 
inferted  into  the  neck  of  the  bottle  f  ;  the  neck  of  this  bottle 
being  large  enough  to  hold  likewife  the  pipe  of  the  curved 
funnel  G.  Into  the  oppofite  end  of  the  barrel  B  one  of  the 
ends  of  the  curved  tube  H  is  to  be  introduced,  the  other  end 
of  the  tube  being  inferted  into  the  opening  of  the  barrel  D, 
fo  as  to  form  a  communication  between  B  and  D.  A  ffmilar 


tube  I  is  fitted  to  the  other  extremity  of  D  and  the  adjacent 
end  of  C,  forming  a  communication  between  thefe  two  bar¬ 
rels.  Laffly,  From  the  oppofite  extremity  of  the  barrel  C 
iiTues  the  tube  K,  which  is  bent  at  right  angles,  fo  that  its 
fecond  curvature  pafles  under  the  receiver  M,  placed  on  the 
fhelf  of  the  pneumatic  tub  with  water  L. 


Every 
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Every  thing  being  thus  arranged,  carbonate  of  lime  diluted  Defcnption  of 
with  a  fmall  quantity  ot  water  is  to  be  poured  into  the  bottle  and  raethocj  0f 
F,  and  after  all  the  joints  of  the  tubes  have  been  luted  with  procuring  gafi- 
great  care,  a  fire  is  to  be  kindled  in  the  furnace.  As  toon  carbon> 
as  this  fire  is  fufiicien t ly  ftrong  to  make  the  gun-barrels  red- 
hot,  fulphuric  acid  is  to  be  poured  into  the  funnel  G,  and, 
when  it  comes  into  contact  with  the  carbonate  ot  lime  in  the 
bottle  F,  it  will  expel  a  large  quantity  of  carbonic  acid. 

This  acid  prefently  palfes  through  the  tube  E  into  the  barrel 
B,  is  conveyed  from  B  to  D  through  the  tube  H,  from  D  to 
C  through  the  tube  I,  and  thence  itfuing  by  the  tube  K,  comes 
out  beneath  the  receiver  M,  placed  on  the  fhelf  of  the  pneu- 
niatic'tub. 

The  object  propofed  by  Mr.  Baruel  in  this  arrangement  of 
bis  apparatus,  was  to  oblige  the  carbonic  acid  gas  evolved 
from  the  carbonate  of  lime,  to  traverfe  the  charcoal  con¬ 
tained  in  the  three  gun-barrels,  and  thus  iaturate  itfelt  with 
all  the  carbon  it  could  take  up. 

In  fa<5t  it  is  eafy  to  conceive,  that  this  method  muft  be  This  method 
more  certain  and  expeditious  than  that  formerly  employed, 
when  the  operator  was  (satisfied  with  palling  the  gas  through  the  old  ; 
a  tingle  barrel.  It  is  true  it  was  colle&ed,  and  fubje&ed  to  a 
iecond  operation,  or  even  to  a  third  ;  but  this  mode  was  te¬ 
dious  and  much  of  the  gas  was  always  loft.  In  this  new  for  nothing  is 
method  on  the  contrary  nothing  is  loft,  and  a  product  is  ^ePa**  cjU(^;  obtained 
rated  at  once,  which  poflelTes  all  the  properties  that  character- at  once, 
ife  the  gafiform  oxide  of  carbon,  and  which  may  be  ufed  un- 
fparingly,  fince  it  is  always  obtainable  in  large  quantity. 


XVII. 

Defiription  of  an  improved  Mill  for  levigating  Painters  Colours. 

Dy  M  r.  James  Rawlinson,  of  Derby.  * 

^  HE  hitherto  very  unmechanical,  inconvenient,  and  highly  Great  inconve- 
injurious  method  of  grinding  poifonous  and  noxious  colours, 
led  me  firft  to  imagine  a  better  might  eafily  be  contrived  for  feds  of  grinding 
that  purpofe.  It  muft  be  obvious  to  every  perfon,  that  the  on  the 

*  From  the  Memoirs  of  the  Society  of  Arts  for  1804,  who 
awarded  him  the  lUver  medal. 
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Machine  by 
which  the  work, 
is  much  better 
performed,  and 
without  incon¬ 
venience. 


It  works  with 
five  times  the 
furface  of  the 
mullcr. 


and  is  applicable 
to  water-colours 
as  well  as  thofe 
in  oil* 
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method  hitherto  adopted  of  grinding  colours  on  an  horizontal 
marble  llab,  with  a  (mall  pebble  muller,  requires  the  body  ok 
the  perfon  who  grinds  to  bend  over  that  l}ab,  and  consequently 
his  head ;  which  caubts  him  conflantly  to  inhale  the  noxious 
and  poifonous  volatile  parts  of  the  paint,  which  is  not  unfre^ 
quently  ground  with  oil  faturated  with  litharge  of  lead;  and 
il  we  may  judge  from  the  very  unhealthy  appearance  of  tbefe 
men,  accudomed  to  much  colour-grinding,  it  lhould  feem  the 
bad  effects  of  this  employment  require  a  fpeedy  remedy. 

1  he  machine,  of  which  I  now  fend  the  Society  a  moclel, 
has  not  only  the  advantage  of  being  an  effectual  remedy  of 
this  extenfive  and  fevere  evil  to  recommend  it,  but  it  grinds 
the  colour  much  caller,  much  liner,  and  much  quicker,  than 
any  method  hitherto  adopted.  Having  occafion  for  a  con- 
fiderable  quantity  ot  colour-grinding  in  the  profethon  in  which 
I  am  engaged,  and  that  in  the  fined  ftate  poffihle,  and  having 
made  ufe  ot  this  machine  tor  feveral  years^  and  being  more 
and  more  convinced  of  its  utility,  I  thought  it  my  duty  tq 
prefent  it  to  the  Society  of  Arts,  hoping  that  it  might  not  be 
altogether  unworthy  of  their  attention.  The  roller  qf  the  ma¬ 
chine  that  1  ule  is  hxteen  inches  and  a  half  in  diameter,  and 
tour  inches  and  a  halt  in  breadth.  The  concave  muller  that 
it  works  againft  covers  one-third  of  that  roller:  it  is  there¬ 
fore  evident,  that  with  this  machine  I  have  feventy-two 
fquare  inches  of  the  concave  marble  muller  in  conftant  work 
on  the  paint,  and  that  I  can  bring  the  paint  much  oftener 
under  this  muller  in  a  given  fpace  of  time,  than  I  could  by 
the  ufual  method  with  the  pebble  muller,  which  is  feldom 
more  than  four  inches  in  diameter,  and  consequently  has 
fcarcely  fixteen  fquare  inches  at  w'ork  on  the  paint,  when 
my  concave  muller  has  feventv-tvvo.  I  do  not  mean  to  fay 
that  a  roller,  the  fize  ot  that  which  I  now  ufe,  is  the  larged 
which  might  be  employed;  for  truly  i  believe  that  a  roller 
tw’o  feet  in  diameter,  with  a  concave  muller  in  proportion, 
would  not  be  hard  work  for  a  man  ;  and  then  the  advantage 
to  the  public  would  be  dill  farther  increafed. 

This  machine  will  be  found  equally  ufefu!  for  the  colours 
ground  in  water,  as  for  thole  ground  in  oils;  and  I  doubt  not 
but  the  great  importance  of  this  tirnple  machine  will  be  very 
foon  generally  experienced  in  ail  manufactories  where  colours 
are  uied.  The  labour  nccedary  with  this  machine,  in  grind¬ 
ing 
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*ng  colours  exceedingly  fine,  is  very  eafy.  It  is  ufelcfs.  to 
enter  into  any  minute  defcriptron  in  this  place,  as  a  bare  uir 
fpeifiion  of  the  machine  mull  fufliciently  explain  itleJf. 

To  tlie  colourman  it  would  evidently  be  an  edential  faving 
of  labour,  and  confequently  of  expenfe,  which  will  probably 
have  feme  weight  as  a  recommendation  ;  and  the  advantages 
to  the  colour-grinder  have  been  already  dated. 

Plate  V.  pi<s.  3.  A  is  a  poller  or  cylinder  made  of  any  kind  Defmption,  hy 
of  marble;  black  marble  is  edeemed  the  bed,  becaule  it  i>  Rawing, 
the  harded,  and  takes  the  bed  polifii.  B  is  a  concave  milder 
covering  one-third  of  the  roller,  o  1  the  fame  kind  of  marble, 
and  fixed  in  a  wooden  frame  b ,  which  is  hung  to  the  frame 
B  at  i  i.  C  is  a  Jdrong  piece  ot  iron,  about  an  inch  broad, 
to  keep  the  muller  deady,  and  is  fixed  to  the  frame  with  a 
joint  at  f  The  fmall  binding-ferew,  with  the  fly  nut,  that 
pafles  through  the  centre  of  the  iron-plate  at  c,  is  for  the 
purpofe  of  laying  more  preljure  on  the  muller,  if  required, 
as  well  as  to  keep  it  deady.  D  is  a  taker-off,  made  of  a 
clock-fpring  about  half  an  inch  broad,  and  fixed  in  the  manner 
of  a  frame-few  in  an  iron  frame  k,  in  an  inclined  podtion  to 
the  roller,  and  turning  on  pivots  at  d  d.  G  is  a  flide-board  to 
draw'  out  occafionally,  to  clean,  See.  if  any  particles  of  paint 
diould  fall  from  the  roller,  and  which  alfo  forms  itfelf  tor  the 
plate  H,  to  catch  the  colour  on  as  it  fylls  from  the  taker-off. 

F  is  a  drawer,  for  the  purpofe  of  containing  curriers  (havings, 
which  are  the  bed  things  for  cleaning  paint-mills. — B  is  the 
frame. 

Previous  to  the  colour  being  applied  to  the  mill,  I  fnould  Pulverization, 
recommend  it  to  be  finely  pulverized  in  a  mortar,  covered  in  preJfouftolcvf- 
the  manner  of  the  chemids  when  theyleyigate  poifonous  drugs  gation. 

This  procefs  of  dry -grinding  is  equally  necelfary  for  the  marble 
flab  now  in  uie ;  alter  which  it  diQuld  be  mixed  with  oil  or 

*  Or  rather  in  an  improved  mill,  ufed  at  Mancheder  by  Mr. 

Charles  Taylor,  for  grinding  indigo  in  a  dry  date,  of  which  I 
have  annexed  a  drawing,  and  reference,  to  render  the  whole  buiir 
nels  of  colour-grinding  complete. — Note  of  the  Author, 

This  is  the  fame  apparatus  as  was  ufed  under  the  name  of  a  phi- 
hfophical  mill,  in  the  laboratory  at  Gottorp,  about  the  beginning  of 
the  lad  century.  See  the  memoir  of  Dr.  Joel  Langelot,  with  an 
engraving,  in  Lowthorp’s  Abridgment  of  the  Philofophical  Tranl- 
ailions,  II X .  318. — W.  N. 

water. 
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Method  of 
working. 


Quantity  and 
finenefs  of 
grinding. 


This  mill  is  not 
a  crude  project, 
but  has  been 
u/ed  feveral 
years. 


water,  and  with  a  fpatula  or  pallet-knife  put  on  the  roller,  near 
to  the  top  of  the  concave  muller,  and  the  roller  turned  round, 
which  takes  the  colour  under  the  muller  without  any  difficulty, 
and  very  few  turns  of  the  roller  fpread  it  equally  over  its  fur  face. 
When  it  is  perceived  fufficiently  fine  for  the  purpofe  required, 
it  is  very  eafily  taken  off  by  means  of  the  taker-off  riefcribed, 
which  muff  be  held  againft  the  roller,  and  the  roller  turned  the 
reverfe  way,  which  cleans  it  very  quick  and  very  completely ; 
and  the  muller  will  only  require  to  be  cleaned  when  you  detift 
or  change  the  colour.  It  is  then  turned  back,  being  hung 
on  pivots  to  the  frame  at  i  i,  and  cleaned  with  a  pallet-knife 
or  fpatula  very  conveniently.  Afterwards,  a  handful  of  cur¬ 
riers  (havings  held  on  the  roller,  with  two  or  three  revolutions 
cleans  it  effectually;  and  there  is  lefs  walle  with  this  machine 
than  with  any  marble  llab. 

As  to  the  quantity  ground  at  once  on  this  mill,  it  muff  be 
regulated  by  the  ffate  of  finenefs  to  whirl)  it  is  required  to  be 
ground.  If  it  is  wanted  to  be  very  fine,  a  fmaller  quantity 
muff  be  put  on  the  roller  at  a  time;  and  as  to  time  requifife 
for  grinding  a  given  quantity  of  colour,  this  will  alfo  depend 
on  the  ffate  of  finenefs  to  which  it  is  ground.  I  haveobferved 
that  my  colour-grinder  has  ground  the  quantity  of  colour  which 
ufed  to  ferve  him  per  day,  with  this  machine,  in  three  hours, 
a,nd,  as  he  faid,  with  eafe.  The  colour  alfo  was  much  more 
to  my  fatisfa&ion  than  in  the  former  way,  and  attended  with 
lefs  wafte. 

I  have  mentioned  the  pulverizing  the  colours  in  a  covered 
mortar,  which  would  prevent  wade,  and  prevent  the  duff  and 
fineff  parts  of  noxious  colours  from  being  injurious  to  the 
grinder.  In  fome  manufactories,  where  large  quantities  of 
colours,  prepared  from  lead,  copper,  and  arfenic,  are  ufed, 
this  precaution  is  particularly  neceffary.  I  do  not  mean  to  fay 
that  my  machine  is  intended  to  fuperlede  the  paint- mill  now 
in  ufe  for  coarfe  common  colours.  It  is  intended  for  no  fuch 
purjlofe;  but  to  fuperlede  the  ufe  of  the  very  awkward  and 
unmechanical  marble  flab  now  in  ufe,  and  on  which  all  the  co¬ 
lours  for  china  manufactories,  coach-painters,  japanners,  and 
colour-manufacturers  for  artiffs,  8c c.  &c.  are  now  ground. 

Several  of  the  colour-manufacturers  have  exprefl'ed  to  me 
their  great  w-ant  of  fuch  a  machine;  and  that  I  had  no  defire 
of  troubling  the  public  w  ith  a  machine  that  would  not  anfwer, 

v.  is 


mu.  rawlinson’s  colour  mill. 


1 25 


is  evident,  from  my  having  ufed  it  feveral  years  before  I  pre¬ 
fumed  to  recommend  it  to  their  attention.  Being  therefore 
now  completely  convinced  of  its  utility,  and  hoping  that  it 
might  relieve  a  number  of  my  fellow-creatures  horn  a  dan¬ 
gerous  employment,  I  have  ventured  to  commit  it  to  the  pro¬ 
tection  of  the  Society  of  Arts  ;  hoping,  through  their  means, 
to  lee  its  ultimate  (uccefs.  And,  farther  to  give  the  Society 
the  moft  complete  affurance  in  my  power,  1  have  annexed  the 
opinion  of  a  very  ingenious  and  mechanical  friend  of  mine 
who  has  frequently  feen  it  work.  If  any  other  queflions  fhould 
occur  to  the  Committee,  that  may  be  in  my  power  to  explain, 

I  ihall  gladly  do  Co. 

I  am,  Sir, 

Your  moft  obedient  fervant 

JAMES  RAWLINSON, 

Derby,  Feb .  6,  1S04. 

Charles  Taylor,  Elq. 

P.  S.  When  the  colour  is  ground,  I  recommend  the  follow-  Inftruaions  for 
ing  mode  of  tying  it  up  in  bladders,  in  preference  to  the  ufual  EderLf  co- 
method.  Inftead  of  drawing  the  neck  of  the  bladder  clofe,  in  lour, 
the  act  of  tying  it,  infert  a  {lender  cylindrical  ftick,  and  bind 
the  bladder  clofe  around  it.  This,  when  dry,  will  form  a 
tube  or  pipe,  through  which,  when  the  flick  is  withdrawn* 
the  colour  may  be  fqueezed  as  wanted,  and  the  neck  again 
clofed  by  replacing  the  ftick.  This  is  not  only  a  neater  and 
much  more  cleanly  mode  than  the  ufual  one  of  perforating  the 
bladder  ;  and  flopping  the  hole  with  a  nail,  or  more  com¬ 
monly  leaving  it  open,  to  the  prejudice  of  the  colour;  but 
the  bladder,  being  uninjured,  may  be  uled  repeatedly  for 
freih  quantities  of  colour. 

N.  B.  The  barrel  of  a  quill  may  be  tied,  in  place  of  the 
ftick,  into  the  neck  of  the  bladder,  with  its  clofed  end  out¬ 
wards,  which  will  keep  the  colour  fecure  in  travelling,  and 
when  ufed,  the  end  of  the  quill  being  cut  off,  it  may  after¬ 
wards  be  clofed  by  a  ftick.* 

*  A  certificate  from  Mr.  Thomas  Swanwick,  of  Derby,  and 
alfo  from  Mr.  John  Middleton,  of  St.  Martin’s  Lane,  confirming 
the  above  ftatement,  accompanied  thefe  papers. 
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MR. 


KAWLINSON  S  (,'OLOIR  MILL. 


Reference  to  the  improved  Mill  for  grinding  Indigo,  or  other 

dtp  Colours. 


Defcription  cf 
th"  miil  for  dry 
funding. 


Plate  l' .  Fig.  4.  L  reprefents  a  mortar  marie  of  marble  or 
bard  fione  ;  one  made  in  the  common  way  will  anfwer.  M, 
A  muller  or  grinder,  nearly  in  the  form  of  a  pear,  in  the 
upper  part  of  which  an  iron  axis  is  firmly  fixed,  which  axis-, 
at  the  parts  N  N,  turns  in  grooves  or  flits,  cut  in  two  pieces 
ot  oak  projecting  horizontally  from  a  wall,  and  when  the  axis 
is  at  work,  are  fecured  in  the  grooves  by  iron  pins,  O  O. 
P,  the  handle,  which  forms  a  part  of  the  axis,  and  by  which 
the  grinder  is  worked.  Q,  the  wall  in  which  the  oak  pieces 
N  N  are  fixed.  R,  a  weight  which  may  occafionally  be 
added,  if  more  power  is  wanted. 


hg.  5.  (hews  the  muller  or  grinder,  with  its  axis  feparale 
from  the  other  machinery  ;  its  bottom  fliouid  be  made  to  fit 
the  mortar.  S  is  a  groove  cut  through  the  fione. 

On  grinding  indigo,  or  fuch  fubfiance,  in  a  dry  fiate,  in 
this  mill,  the  muller  being  placed  in  the  mortar,  and  fecured 
in  the  oak  pieces  by  the  pins,  the  indigo  to  be  ground  is 
thrown  above  the  muller  into  the  mortar;  on  turning  the 
handle  of  the  axis,  the  indigo  in  lumps  falls  into  the  groove 
cut  through  the  muller,  and  is  from  thence  drawn  under  the 
aCfion  of  the  muller,  and  propelled  to  its  outer  edge  within 
the  mortar,  from  whence  the  coarfer  particles  again  fall  into 
the  groove  ot  the  muller,  and  are  again  ground  under  it  ; 
which  operation  is  continued,  till  the  whole  of  it  is  ground 
to  an  impalpable  powder ;  the  muller  is  then  eafily  removed; 
and  the  colour  taken  out. 

A  wood  cover,  in  two  halves,  with  a  hole  for  the  axis, 
is  ufually  placed  upon  the  mortar,  during  the  operation, 
to  prevent  any  lofs  to  the  colour,  or  bad  effect  to  the 
operator. 


t 


A  ne:j 
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XVIII. 

A  7 it iv  and  cheap  Method  of  purifying  Gold  and  Silver .  By 
Andrew  Thomson,  Efy.  of  Banchory,  near  Aberdeen . 

In  a  Letter  from  the  Difcoverer. 

To  Mr.  NICHOLSON. 

°  SIR, 

I  INTENDED  to  have  deferred  the  prefent  communication™8  publication 

1  »  is  Drcmaturel v 

till  fuch  time  as  I  Ihould  have  it  in  my  power  to  lay  before  themade>  becaufe 

public  the  complete  feries  of  experiments  in  which  I  have  the  inventor 

been  engaged  with  regard  to  the  purification  of  gold  and 

filver.  But  unluckily  I  mentioned  a  few  particular  eifeum- 

ftances  with  regard  to  them,  to  a  man  who  took  it  upon  him, 

without  my  knowledge,  to  fend  an  account  of  them  for 

publication  to  a  periodical  work.  As  I  underhand  that  work 

will  not  appear  to  foon  as  your  next  number,  I  beg,  if  you. 

think  it  worthy  of  a  place,  that  you  will  intert  the  following 

account  of  fome  attempts  I  have  been  making  to  purify  the 

precious  metals. 

Being  much  at  3  lo's  for  want  of  a  crucible  of  pure  filver  Promts  oi 
for  the  analyfis  of  fome  minerals,  and  as  all  the  ufual  methods  £ra&ing  copper 
practiced  for  purifying  that  metal  are  very  troublefome,  I  fet  from  beil-metalo 
myfelf  to  confider  the  various  operations  on  metals,  in  hopes 
of  falling  on  a  more  fimple  way  of  accomplifhing  my  purpoie. 

At  length,  I  found  a  procefs  of  Pelletier’s,  which  promifed  to 
fucceed,  and  mine  is  merely  extending  his  idea  a  little  further 
than  he  did  himfelf. 

He  was,  I  believe,  employed  by  the  French  government  He  oxides  eta  tin 

to  difeover  an  eafy  way  of  leparating  the  tin  from  copper  on ^  man£aai^e> 

bell-metal,  and  the  procefs  he  gave,  is  this.  Upon  the 

melted  beli-metal  project  black  oxide  of  manganefe  in  powder, 

frequently  ftirring  the  metal  till  all  the  tin  becomes  oxidated 

by  the  manganefe.  He  adds  a  caution,  not  to  add  too  much  l.n  fuchprapor- 

manganefe,  other  wife  part  of  the  copper  alfo  will  be  affefTthT  ^ 

deflroyed.  *■  copper. 

It  immediately  ftruck  me,  that  in  this  way  I  might  be  able  The  author’s 

to  oxidate  the  copper  which  alloys  our  lilver,  and  u p oh fuVcT 

making  the  trial  I  fucceeded  completely  ;  I  had  fome  ifnpure  rolled  out;  thea 

Jtilver  roiled  out  to  about  the  thicknefs  of  a  fliillmg,  this  I  l51|*d  ,u? ’ 

°  .  bedded  in  man* 

coiled  ganefe  ■  and 


m 

rtrongly  ignited 
for  a  quarter  of 
an  hour. 

All  the  metal 
oxidcd. 


The  whole  con¬ 
tents  were  then 
put  Into  a  larger 
crucible  with 
thrice  its  bulk  of 
green  glafs. 

Strong  heat 
fufed  the  glafs, 
and  reduced  the 
lilver  pure,  and 
alone  in  a  button. 

This  procefs 
anfwers  equally 
with  gold. 


The  metal  mult 
be  in  thin  or 
fmall  malTes. 


The  proportions. 
Sec.  are  not  here 
given,  becaufe 
the  author  has 
haftened  to  com¬ 
municate  his 
procefs. 


mr.  Thomson's  purification  of  gold  and  stlv£r. 

coiled  up  fpirally,  and  put  into  a  crucible,  the  bottom  of 
which  was  covered  with  black  oxide  of  manganefe.  I  then 
added  more  oxide  till  the  filver  was  covered,  and  all  the 
fpace  between  ihe  coils  completely  filled.  A  cover  was  (ben 
luted  to  the  crucible,  and  a  finall  hole  left  lor  the  efcape  of 
oxigen  gafs.  \\  hen  this  had  been  expofed  for  a  quartet  of 
an  hour  to  a  heat  fufficient  to  melt  filver,  I  found  the  lurface 
ot  the  manganele  brown  from  the  Iofs  of  oxigen  ;  but,  where 
the  lilver  had  been,  the  whole  was  one  uniform  black  powder, 
without  the  leaft  appearance  of  metallic  luftre,  fo  that  I  had 
no  doubt,  that  even  the  filver  was  become  an  oxide. 

I  then  put  the  whole  contents  of  the  firft  crucible  into  a 
fecond  of  a  larger  fize,  into  (he  bottom  of  which  I  put  a 
quantity  of  pounded  green  glafs,  about  three  times  the  bulk 
of  the  contents  ol  the  firft  crucible,  and  luted  on  a  cover  as 
before,  <o  prevent  the  accefs  of  any  inflammable  fubflance. 

I  he  crucible  was  then  expofed  to  a  heat  fufficient ly  ftrong 
to  melt  the  glafs  very  fluid.  Upon  cooling  and  breaking  the 
crucible,  I  found  (he  filver  at  the  bottom  perfe&ly  pure,  as 
its  oxide  alone  could  part  from  its  oxigen  without  the  accefs 
of  fome  inflammable  fubftance.  I  find  this  procefs  anlwers 
equally  well  for  purifying  gold,  and  to  me  it  feems  to  poflefs 
fome  advantages  over  all  the  former  methods.  The  materials 
ufed  are  cheap,  and  a  large  quantity  can  be  refined  as  foon, 
and  as  eafily  as  a  finall  quantity,  by  merely  altering  (he  capa¬ 
city  of  the  crucible  you  ufe. 

I  tried  the  lame  operation  on  gold  and  filver  in  round 
mafles,  but  found  it  went  on  very  (lowly,  and  what  I  fcarcely 
expe<5ted,  in  the  fi rff  part  ot  the  procefs  of  oxidating  the 
metals,  the  remaining  metal  continued  uniformly  impure  ot 
nearly  fo,  until  the  w  hole  was  oxidated. 

I  regret  that  I  have  been  forced  to  make  this  matter  public, 
before  I  could  do  it  in  a  manner  fatisfa6lory  to  myfelf.  I 
wifhed  to  have  given  the  exaft  proportions  of  alloy,  manga¬ 
nefe,  and  gla ;s  to  be  generally  uled,  and  to  have  alcertained 
if  there  is  any  truth  in  the  old  opinion,  that  Saltpetre  melted 
with  gold  deflroys  a  part  ol  it.  I  fuppofe  that  idea  may  have 
arizen  from  the  oxigen  given  out  by  the  nitre  in  a  high  heat, 
oxigenating  the  copper  contained  in  the  impure  gold,  which 
has  been  the  lubjeft  of  the  experiment. 


Since 
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Since  the  above  was  written,  I  have  been  informed  that  He  vindicate* 
this  matter  has  actually  been  publifhed,  but  know  not  in  what 
work.  I  hope  you  will  (till  have  the  goodnels  to  inlert  this  as 
an  original  communication,  as  I  do  not  think  the  perfon  who 
has  publithcd  it  will  have  the  impudence  to  call  it  his  own, 
and  as  Mr.  Kirwan,  and  other  celebrated  chemifts  long  ago 
advifed  me  to  publith  it,  I  have  already  dated  my  reafons  for 
not  following  fuch  good  advice. 

As  I  have  now  been  forced  to  appear  before  the  public,  I 
have  hopes  I  (hall  be  able  to  prevail  on  tome  of  my  friends  to 
commit  themlelves  in  the  fame  way,  in  the  confidence  that 
their  labours  will  be  found  uleful  to  the  public. 

I  am,  Sir, 

Your’s  truly, 

ANDREW  THOMSON. 

£  t  1 

Banchory ,  by  Aberdeen , 

May  5th,  ISO 5. 


XIX. 

Memoir  on  the  Propagation  of  Sound.  R^M-Hassenfratz.* 

THE  production  of  found  is  aferibed  by  all  natural  philofo-  Sound  produced 
phers  to  the  vibration  of  the  molecules  of  bodies*  by  vibrations. 

The  vibration  of  thefe  molecules  admits  of  two  kinds  of  which  differ  in 
modification;  1ft,  in  velocity;  2ly,  in  magnitude.  The  fir  ft  ^g^udef  ^ 
of  thefe  determines  the  nature  of  tones;  the  fecond,  their 
force  or  intentity. 

Sound  is  trahfmitted  to  the  ear  by  the  molecules  that  fill  the  The  fonorous 
medium  or  interval  between  the  fonorous  body  and  the  organ ^s^brations^a' 
of  the  hearing.  The  movement  of  the  fonorous  body  impreffesfome  medium, 
on  the  molecules  of  the  medium  an  impulfe,  which  they 
tranfmit  from  one  to  another,  till  it  reaches  the  ear,  with  atinuedcothe 
greater  or  lefs  velocity.  In  this  tranfmiffion  the  vibration  may  ear* 
undergo  two  kinds  of  alteration:  Iff,  in  its  velocity;  2dly,  in 
its  intenfily.  In  this  memoir  I  dial!  only  tranferibe  fome  ex¬ 
periments  relative  to  the  velocity  of  found. 

Philofophers  have  long  been  engaged  in  determining  the  The  velocity  of 
velocity  of  found,  but  considering  the  air  as  the  chief  medium  examined^onl/ 

*  Annales  de  Chimie,  Vol.  LIII.  p.  64. 
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This  velocity 
uniform  in  a 
given  medium, 

and  the  denfity 
of  the  medium 
is  one  of  its  ele 

meats. 


Not  affefted  by 
the  height  of 
the  barometer. 


Blanconi  afierts 
it  to  be  lefs  in 
winter  than  in 
fammer. 

Durham  denies 
this,  but  is  pro¬ 
bably  wrung- 


Not  aftVffed  by 
rain  or  fine 
weaker. 


by  which  it  is  trail  fm  it  ted  to  the  ear,  they  have  attended  only 
to  its  velocity  in  air,  and  have  employed  two  different  me¬ 
thods  to  determine  this,  theory  and  experiment. 

Thefe  two  methods  have  led  to  the  following  remarkable 
refults:  I  ft,  that  the  velocity  of  found  in  a  given  medium,  is 
uniform,  whatever  its  diftance  from  the  phonic  centre,  and 
whatever  its  in  ten  ft  ty :  2dly,  that  the  denfity  of  the  medium 
at  equal  preftures  is  one  of  the  elements  of  the  velocity;  for  it 
has  been  found  by  theory,  that  the  velocity  of  found  is  the  fame 
as  that  of  a  body  falling  from  half  the  height  of  an  atmof- 
phere  fuppofed  to  be  of.  equal  denfity  with  the  air  in  the  place 
where  the  found  is  tranfmitted;  and  by  experiment,  that,  all 
other  circumftances  being  equal,  the  velocity  of  found  is  the 
fame  at  different  preffures  of  the  barometer;  fo  that  it  is  equal 
on  the  fummit  of  a  mountain  and  on  the  fea-fhorc.  In  fact, 
the  denfity  of  the  air  being  proportional  to  the  comprefting 
weight,  the  height  of  the  column  of  mercury  in  the  barometer, 
divided  by  the  denfity  occaftoned  by  this  preffure,  is  a  conftant 
quantity  ;  and  the  height  of  the  almofphere  of  a  uniform  den- 
fily  being  equal  to  the  total  weight  of  the  air  divided  by  its 
denfity,  it  follows  that  the  height  of  the  barometer  ought  to 
make  no  difference  in  the  velocity  of  found.  Blanconi  aflerts 
(Comment.  Bonon,  vol.  II.  p.  365),  that  the  velocity  of  found 
is  lefs  in  winter  than  in  fiimmer,  ftnee,  according  to  his  expe¬ 
riments,  it  takes  fourfeconds  more  in  winter  to  traverfe  a  fpace 
of  ftxteen  Italian  miles.  Durham  affirms,  that  the  velocity  of 
found  is  the  fame  whether  the  air  be  extremely  hot  or  extremely 
cold,  though  his  tables  of  experiments  will  be  found  on  ex¬ 
amination  favourable  to  the  opinion  of  Blanconi;  for  (he 
greateft  velocity  of  found  in  them  was  on  the  5th  of  April,  at 
one  o’clock  in  the  afternoon,  being  three  miles  in  111  half- 
Teconds,  and  the  leaft  velocity  on  the  12th  of  February,  at  fix 
o’clock,  in  the  evening,  being  three  miles  in  122  hall-feconds. 
As  the  experiments  on  the  velocity  df  found  undertaken  by  the 
Academy  of  Sciences  in  1737  were  made  at  temperatures  that 
exhibit  only  two  or  three  degrees  difference,  perhaps  it  would 
be  well,  as  Mr.  Laplace  thinks,  if  they  were  repeated  at  a 
time  of  the  year  when  the  temperature  is  very  different;  for 
experience  1ms  taught  us,  that  this  velocity  is  equal  in  rainy 
and  in  fine  Weather,  fo  that  nothing  but  change  of  temperature 
can  produce  ppy  variation  in  this  refpeft.  , 

„ -i  *  f*  '  "  '  *  ‘  Wha 
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Whatever  thefe  refults  may  prove,  as  the  experiments  on 
the  velocity  and  propagation  of  found  have  been  hitherto  made 
in  the  air  alone,  it  was  an  intercfting  enquiry  to  determine  the 
velocity  of  found,  when  tranfmitted  by  other  bodies,  and  par¬ 
ticularly  ot  different  denfities  with  reipeft  to  air.  Mr.  La¬ 
place,  to  whom  branches  of  phyfical  fcience  are  indebted  for 
improvement,  invited  me  about  eight  months  ago  to  make 
experiments  on  this  fubjecl,  and  particularly  on  the  propaga¬ 
tion  of  found  through  tolid  bodies;  and  the  experiments  of 
which  I  fliall  give  an  account  in  this  paper  were  principally 
made  in  confequence  of  that  gentleman's  fuggeftion. 

Making  experiments  in  the  quarries  beneath  Paris  on  the  Experiments  on 
tranfmiflion  of  found  through  long  galleries,  I  caufeda  perfon  t^e  tran^i^~lon 

_  .  .  .  of  found  through 

to  ttrike  with  a  hammer  againft  a  mafs  of  ftone,  retiring  at  the  the  ftone  in 

fame  time  by  degrees  from  the  place  of  linking,  in  order  to^uarr^Ci* 

diftinguifh  if  poifible  the  found  tranfmitted  by  the  ftone  from 

that  tranfmitted  through  the  air.  Placing  my  ear  againft  the 

mafs  of  calcareous  ftone  through  which  thefe  galleries  are  car- 

o  o 


ried,  at  a  fiiort  diftance  I  diftingu iflied  two  founds  perfectly  fe- 

parate,  one  tranfmitted  by  the  air,  the;  other  by  the  ftone. 

Both  founds  grew  weaker  in  proportion  as  I  retired  from  the 

linking  point ;  but  that  tranfmitted  by  the  ftone  was  weakened 

much  more  rapidly  than  that  tranfmitted  through  the  air.  In  It  was  conveyed 

a  gallery  excavated  beneath  Rue  de  la  Harpe  tbe  found  tranf- tllrough 
.  ,  :  .  n  r  .  ,  ...  .  ftone  only  140 

milled  by  the  ftone  cealed  to  be  audible  at  13-1  paces  diftance ;  paces; 

and  in  a  gallery  beneath  Rue  de  St.  Jaques  at  140  paces, — - —  — f>ut  through 

Through  the  air  the  found  was  tranfmitted  to  400  or  440  paces  the  air  440. 

diftance.  The  found  tranfmitted  by  the  ftone  always  reached  Pa^e?  qukkeft 

the  ear  much  fooner  than  that  tranfmitted  by  the  air.  ffone.  ^ 

Mr.  Berthollet,  to  whom  Mr.  Laplace  imparted  thefe  re- Experiment  re- 
fults,  deftrous  of  being  alfured  whether  the  found  of  a  hammer  peated,  and 
could  be  tranimitted  through  a  mafs  of  ftone  140  paces  thick, 
requefted  Mr.  Gay,  by  my  defire,  to  be  pFefent  at  my  expe¬ 
riments.  With  this  young  chemift  1  repeated  the  experiment  the  found  con- 
of  the  tranfmiflion  of  found  through  ftone  on  feveral  feparate  Veyed  150  paces, 
mattes,  and  he  convinced  himfelf,  that  found  was  capable  of 
being  tranfmitted  through  a  mafs  150  paces  in  length. 

It  was  long  ago  observed  in  working  mines,  that  the  noife  The  propagation 
was  propagated  to  a  very  great  diftance  through  mattes  of  found  trough1 
rock  ;  and  the  line  of  the  found  heard  through  the  ftone  ferves  fbfe^ved" by^me^ 
on  many  occafions  to  determine  the  direction  in  which  the  gal- chanics. 

Vo L.  XI.— Ju  n  e,  ISOo.  K  lerieif 
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Ieries  arc  carried  on  ;  but  no  one  had  attempted  to  obferve, 
whether  the  velocity  of  the  found  tranfmitted  by  the  done  dif- 
Its  velocity  ap-  fered  from  that  of  the  found  tranfmitted  by  the  air.  My  ex- 
that  oi'y^1  t0  Per‘ments  *n  the  quarries  underneath  Paris  have  taught  me, 
that  the  difference  is  confiderable  ;  and  when  the  gallery  is 
fufficientiy  draight,  to  be  able  to  diicern  the  motion  of  the 
hammer  with  the  eye,  no  calculable  difference  can  be  per¬ 
ceived  between  the  conveyance  of  the  motion  to  the  eye  and 
that  of  the  found  to  the  ear. 

The  differences  The  didance  which  the  found  of  the  hammer  can  be  con- 
of  thediftances  veyed  to  the  ear  varies  confiderably  with  the  nature  of  the 

h  tranfmitted*1  ^one  anc*  reparations  or  filfures  in  the  mafs.  Having 
f  thro  a  -  h  fol  id  can  fed  a  man  to  drike  with  reiterated  blows  againd  an  itolated 
maffes  remark-  WaI!>  buijt  of  common  done  of  the  fame  kind  as  that  in  the 

quarries,  and  cemented  with  morfar,  the  found  was  tranfmit¬ 
ted  only  thirty  paces.  Striking  in  the  fame  manner  on  a  pa¬ 
rapet  of  hewn  flone  railed  on  the  borders  of  the  Seine,  the 
found  was  tranfmitted  46  paces.  Thefe  experiments  were 
made  in  the  open  air  by  day,  confequently  under  circumdances 
lefs  favourable  to  the  propagation  of  tound  than  when  on  the 
calcareous  maffes  in  the  quarries ;  but  the  difierence  between 
30  and  46  paces,  under  the  fame  circumdances,  on  maffes 
differing  only  in  the  dimenfions  of  the  ftones  of  which  they 
were  formed,  is  very  remarkable. 

Experiments  re-  Encouraged  by  the  fuccefs  of  my  experiments  in  the  quar- 
peated,  r‘ies<  and  bv  the  invitation  of  Mr.  Laplace,  I  attempted  to  re¬ 

peat  the  fame  experiments  on  different  fubdances. 
on  timber.  the  fide  of  the  high  road  that  leads  from  the  place  dc  la 

Concorde  to  Chaillot  along  the  bank  of  the  Seine,  on  the  done 
wharf  of  St.  Leir,  oppodle  the  deam-engine  of  Gros-Caillou, 
is  placed  a  railing  210  paces  in  length,  formed  of  31  pieces  of 
Conveyed  far-  timber,  feparated  by  four  large  pods.  The  blow  of  a  hammer 
ther  than  in  the  at  one  extremity  of  this  railing  was  heard  didindtly  at  the 

01  *  *  other,  though  through  the  air  it  was  audible  only  120  paces. 

At  the  didance  at  which  both  the  founds  were  audible,  that 
through  the  wood  was  heard  long  before  the  other ;  and  when* 
(landing  at  the  greated  diftance  from  the  place  of  the  blow,  i 
heard  only  the  found  tranfmitted  through  the  timber,  the  ve¬ 
locity  of  its  tranfmidion  was  fo  great,  that  it  was  difficult  to 
didinguifh  any  interval  between  the  perception  of  the  found 
by  the  ear,  and  of  the  motion  of  the  hammer  by  the  eye. 

Having 
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Having  convinced  myfelf,  that  the  propagation  of  found 
through  fione  and  through  wood  was  effected  with  much 
greater  velocity  than  through  air,  and  that  the  time  of  its  tranU 
million  to  (uch  Ihort  diffances  as  thofe  on  which  I  was  able  to 
make  experiments  was  too  little  for  calculation,  I  wasdelirous 
of  knowing  whether  the  velocity  of  its  tranfmillion  through 
metallic  fubfiances  were  the  lame. 

Several  experiments  on  bars  of  iron  fixed  on  folid  mafTes,  as  Similar  expdri- 
the  bars  that  hold  together  the  ftones  of  parapets,  having  given 
me  uncertain  relults,  I  (ought  for  ilolated  bars  of  fufticient  5ars  of  iron, 
length  to  afford  l'ome  certainty.  My  firff  experiment  was  made 
on  the  upper  bars  of  an  iron  railing,  34  paces  long,  ere&ed  on 
one  of  the  walls  of  the  garden  of  the  Legiflative  Body,  ad¬ 
joining  to  the  Place  des  Invalides.  On  finking  one  extremity 
of  this  affemblage  of  bars,  two  difiinft  founds  were  heard  at 
the  other  end;  that  tranfmitted  by  the  bars,  and  that  by  the 
air;  the  former  being  always  heard  firfi.  1  he  fame  experi¬ 
ment  afterwards  repeated  on  bars  of  different  lengths,  gave 
me  the  fame  refult;  and  this  refult  is  fuch,  that  it  isimpoliible 
to  difiinguifh,  at  the  (mail  diflances  at  which  thefe  experi¬ 
ments  were  made,  any  difference  between  the  tranfmiflion  of 
the  motion  by  light,  and  that  of  the  found  by  the  folid  me* 
dium. 

Repeating  my  experiments  on  the  velocity  and  propagation  ]^r.  Gay  fup, 
«f  found  through  the  mafTes  of  ftone  in  the  quarries  beneath  pofed  he  heard 
Paris,  in  company  with  Mr.  Gay,  this  young  chemift  imagined  ^oughthe  air, 
that  he  diftinguifhed  two  founds  tranlrnitted  through  the  air,  fir ft  a  grave, 
one  grave  and  the  other  acute,  which  reached  his  ear  in  fuc-Lhen  au  aeuu<* 
ceffion,  the  graver  found  appearing  to  have  the  greater  velo¬ 
city. 

This  refult,  though  contrary  to  the  theory  of  the  propagation  Mairan  and 
of  found,  according  to  which  grave  and  acute  founds  ought  others^had  con- 
to  have  the  fame  velocity,  had  already  been  conjeflured  by  Te-j^gf  C 
veral  philofophers,  particularly  by  Mairan,  and  was  therefore 
worth  confirmation.  For  this  purpofe  1  firetched  two  firings^  Experiment  to 
one  of  brafs,  the  other  of  catgut,  fo  as  to  make  them  emitdeccrmme  chii* 
two  different  tones,  the  firfi  one  more  acute,  the  fecond  one 
more  grave ;  then  ftriking  both  thefe  firings  at  once  with  the 
wood  of  a  black  lead  pencil,  the  two  founds,  which  were  con¬ 
founded  together  at  firfi,  appeared  to  feparate  at  the  difiance 
of  400  paces  in  a  large  gallery  of  the  quarries,  and  we  both 
imagined  we  could  difiinguifh  the  graver  found  firfi. 


While 
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repeated  in  the 
open  air 


Probable  caufe  While  obferving  the  propagation  of  found  in  the  galleries, 

of  talluy  in  this  j  |la(j  feveral  times  occafion  to  remark,  that  a  found  at  a  great 
diftance  was  frequently  repeated,  either  by  reflexion  or  by  the 
vibration  of  the  walls,  fo  as  to  caufe  two  differerent  founds  to 
be  heard  and  diftinguithed,  which  reached  the  ear  in  fucceflion. 
As  it  was  poftible  that  the  difference  which  appeared  to  Mr. 
Gay  and  me  might  have  been  produced  by  the  caufe  here  men¬ 
tioned,  I  determined  to  repeat  the  experiment  in  the  open 
air. 

The  experiment  For  this  purpofe  I  took  two  glafs  bells,  the  tones  of  wdiicli 
were  as  an  octave  and  a  fifth,  that  is,  the  ratio  of  their  vibra¬ 
tion  was  as  1  to  3.  A  hammer  was  fo  adjufted  as  to  fir  ike 
both  the  bells  at  once,  and  make  them  found  at  the  fame  in- 
ftant.  Carrying  this  inftrumenl  into  the  fields,  I  endeavoured 
to  afeertain  whether  the  two  founds  reached  the  ear  in  unequal 
times.  Several  experiments  repeated  in  various  places,  made 
me  believe  a  long  time,  that  their  velocity  was  unequal ;  but 
having  obferved,  that  on  fome  occafions  the  founds  reached  the 
The  double  ear  at  the  fame  time,  I  was  led  to  remark,  that  whenever  I 
even^her^by  ali  imagmed  1  diftinguithed  a  difference  of  velocity,  this  difi'er- 
echo.  ence  had  been  occafioned  by  a  repetition  of  the  found,  and 

that  frequently  very  trifling  obftacles,  as  trees  or  hedges,  were 
Grave  and  acute  fufficient  to  produce  this  repetition.  I  repeated  ray  experi- 
* amc^v elocity ^  ments  therefore  anew  in  the  midll  of  plains  of  greater  or  lefs 
extent,  as  thofe  of  Montronge,  Grenelle,  St.  Denis,  &c.  and 
whenever  1  was  remote  from  any  obflacle  capable  of  producing 
a  repetition,  both,  founds  were  heard  at  the  fame  time.  With 
my  inftrumenl  I  could  diftinguifh  the  found  of  the  two  bells  at 
the  diftance  of  700  paces  or  631  yards;  whence  it  follows, 
that  both  experiment  and  theory  concur  to  demonftrate,  that 
grave  and  acute  founds  have  the  fame  velocity. 

Conclufions  from  From  the  experiments  related  in  this  paper  it  follows:  1ft, 
the  experiments,  that  the  velocity  of  found  differs  according  to  the  medium  by 
which  it  is  propagated:  2d!y,  that  this  velocity  is  much  more 
confiderable,  when  it  is  propagated  by  folid  and  very  denfe 
bodies,  than  when  by  aeriform  bodies,  and  of  little  denfity  : 
3dly,  that  both  grave  and  acute  founds  have  the  fame  velocity  ; 
a  refult  to  which  theory  led  us. 
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XX. 

A  very  advantageous  Mode  of  preparing  Muriate  of  Barytes  by 
the  Mutual  Deconipofuion  of  J’u Ip hur ate d  Barytes  and  Muriate 
of  Lime.  By  Mr.  Goettlin  g.* 

M  R.  DRIESSEN  of  Groningen  firfi  obferved,  that  muri-  Drieflen  firft 

ale  of  lime  and  fulphate  of  barytes  decompofe  each  other  at  a  d^ornP°fe<i  lul" 

'  ^  -  1  phate  or  barytes 

high  degree  of  heat.  TrornmfdorfF  verified  the  experiment  by  muriate  of 

of  the  learned  Dutch  profefior,  and  applied  the  principle  tolime>  nexC 
.  r  .  r.  tt  *.  rt  Trommldorft. 

the  preparation  ot  muriate  ot  barytes.  He  perceived,  how¬ 
ever,  that  the  whole  of  the  fulphate  of  barytes  was  not  de¬ 
composed  in  this  way,  and  he  thought,  that  equal  parts  of  the 
two  falls  were  the  fu i table  proportion  for  decompofing  them 
as  completely  as  poflible.  Mr.  Goettling  has  deemed  the  fub- 
je£t  worth  farther  inquiry,  the  refult  of  which  was  the  proceis 
i  ("hall  now  deferibe. 

One  part  of  native  fulphate  of  barytes  in  fine  powder  is  to  Mr.  Goetling’s 
be  mixed  with  half  a  part  of  muriate  of  lime.f  This  mixture  pl0.cefs  for  Pre' 
is  to  be  introduced  into  a  Hefiian  crucible,  which  is  to  be  clofely  of  barytes  in  this 
covered,  and  brought  gradually  to  a  red  heat.  The  matter  wa^’ 
muff  be  kept  in  a  fiate  of  incandefcence  a  full  half-hour,  and 
frequently  fibred.  It  is  then  to  be  poured  out  into  an  iron 
cone,  and  after  being  coarfely  powdered,  is  to  be  thrown  into 
three  parts  of  boiling  water.  The  veffel  being  immediately 
taken  from  the  fire,  the  mixture  is  to  be  fiirred  occafionaliy 
with  a  glafs  fpatula,  and  the  undifibl ved  matter  is  then  to  be 
left  to  fubfide.  The  clear  liquor  being  decanted  off,  the  refi- 
duum  is  to  be  poured  into  a  filter  of  linen  of  a  clofe  texture, 
and  the  fluid  lightly  prelled  out.  The  refiduum  being  again 
lixiviated  with  ohe  part  of  water,  is  to  be  firained  as  before. 

The  liquors  are  then  to  be  mixed  together,  and  evaporated  to 
a  pellicle,  to  obtain  the  fait  by  cryfiallization.  In  this  way 
we  (hail  h^ve  five-eights  of  a  part  of  muriate  of  barytes.  The 


Abridged 


#  Van  Mons’s  Journal  de  Chimie ,  Vol.  VI.  p.  92. 
from  the  Bafchen- Buck juer  Scheidekuenfler. 

•f  This  muriate  is  obtained  in  abundance  in  our  laboratories,  as  Muriate  of  lime, 
an  adventitious  prod  u  61  :  it  maybe  procured  like  wife  at  a  very  k°w  opined, 
trifling  expence  by  adding  Tune  to  the  mother-water  left  after  refin¬ 
ing  common  fait. 


mother- 
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mother-water  of  thefirft  cryftallization,  which  isalmofl  wholly 
muriate  of  lime,  is  to  be  fet  afide  for  a  frefh  operation,  or  tor 
any  other  purpofe. 

As  the  infoluble  mafs  of  fulphate  of  lime  ftill  contains  a 
large  quantity  of  fulphate  of  barytes,  indeed  about  halt  the 
original  quantity,  it  is  to  be  treated  atrefh  as  above,  with  one 
fourth  part  of  muriate  of  lime;  and  the  fame  procets  is  to 
be  repeated  with  an  eighth  part  ot  the  fame  fait.  Thus  we 
obtain  an  addition  from  one  to  two  eighth  parts  of  muriate  ot 
The  fait  to  be  barytes.  The  falls  of  the  various  cryftallizations  require  lobe 
purified  by  re-  ^ifToIved  and  re-cryftallized  anew,  in  order  to  free  them  from 
a  little  muriate  ot  lime,  which  adheres  to  them  in  the  firtt  cry- 
dallization. 


Kitric  acid  con 
faminatcd  in  its 
firfi  portions 
with  muriatic. 
Why,  accordin 
to  Berthoilet;. 


True,  reafon  is 
the  pretence  of 
an  excefs  of 

water. 


Concentrating 
tb’  acid  in- 
fufficient,  if 
the  pioportion 
of  litharge  be 
improper,  and 
the  diitillation 
r.  trried  IQ  4ry — 
jicfs. 
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Obftrrations  on  the  Rectification  of  Nitric  Acid,  by  Mr.  Stein- 
ache  r  ,  Druggijt  at  Paris.  * 

-  It  has  long  been  known,  that  the  firft  portions  of  nitric  acid 
diftilled  from  litharge  contain  muriatic  acid.  Berthoilet  ex¬ 
plains  this  phenomenon  by  faying,  that  the  oxide  of  lead  di- 
3  viding  its  action  between  tne  two  acids,  both  are  fubjeCied  to 
the  addon  of  expanfibility  produced  by  the  heat.  Meflfrs. 
Welter  and  .Borjour  ailert,  that,  if  muriate  of  fdver  be  era- 
ployed,  oxigenated  muriatic  acid  is  formed,  which  rifes  with 
the  firft  por lions.  If  I  may  be  allowed  to  give  the  refults  of 
my  labours  after  thofe  of  fo  many  able  chemifts,  I  would  lay, 
that,  when  the  nitric  acid  has  been  fufiiciently  concentrated 
before  being  fubje&ed  to  retfification  on  filver,  or  on  oxide  of 
lead,  the  firfl  part  of  the  rectified  acid  is  found  on  trial  to 
contain  no  muriatic  acid,  nolwithftanding  the  nitric  acid  con¬ 
tained  much  of  it  after  its  concentration ;  and  hence  I  inter, 
that  an  excefs  of  water  is  the  true  caufe,  that  diminiflies  the 
attraction  of  the  muriatic  acid  for  the  oxide  of  lead  or  of 
filver..  . 

The  operator  however  would  in  vain  expeCl  to  fucceed  by 
merely  concentrating  his  acid  before  rectifying  it,  if  he  ufed  a 
determinate  proportion  of  litharge,  or  diftilled  to  drynefs,  as 

*  Van  Mons’s  Journal  de  Chmiey  Vol.  VI.  p.  88. 

feveral 
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feveral  authors  direct.  The  quantity  of  litharge  mud  vary 
from  one  to  eight  fixteenths  of  the  weight  of  the  acid,  accord¬ 
ing  to  its  degree  of  impurity.  On  the  other  hand,  it  diftilled 
to  drynefs,  the  latter  portions  of  the  nitric  acid  will  carry  over 
with  them  in  iolution  muriate  of  lead,  or  of  filver.  #  , 

Four  kilogrammes  (101b.  8oz.  16dwt.  troy)  ot  nitric  acid  j^*e^'inac 
of  the  (hops,  at  35°,  containing  muriatic  acid,  and  a  very  lit* 
tie  fulphuric,  are  ftrft  diftilled  in  a  reverberatory  furnace  in  a 
retort  placed  on  an  earthen  veftfel  filled  with  land.  The  fice  . 
rmift  be  fo  regulated  that  the  drops  tucceed  each  other  Howdy, 
and  half  the  acid  is  to  be  thus  drawn  off.  It  will  then  give 
15°  of  Batimc’s  areometer.  What  remains  in  the  retort  is  to 
be  poured  into  a  bottle.  Its  fpecific  gravity  will  be  expreiled 
by  4-°  of  the  areometer.  Litharge  being  thrown  into  it  in  tine 
powder,  and  ftirred  with  a  glafs  rod,  will  be  converted  into  a 
white  powder  in  a  few  hours.  More  litharge  is  then  to  be 
added  in  the  fame  manner ;  and  this  is  to  be  continued,  till  the  # 

litharge  retains  its  colour  after  feveral  hours  handing.  I  ne 
muriate  and  fulphate  of  lead  are  then  to  be  left  to  fubfule  en¬ 
tirely,  and  the  acid  is  to  be  decanted  oft  into  a  tubulated  glafs 
retort,  placed  on  a  fmall  earthen  plate  filled  with  fand,  in  the 
midft  of  a  reverberatory  furnace,  all  the  parts  ol  which  are 
retained  except  the  dome.  A  receiver  is  to  be  adapted,  which 
fits  clofely  without  luting;  for,  as  the  vapour  of  the  acid  eafily 
deftroys  every  kind  of  lute,  the  produC  would  othervvife  be 
liable  to  become  impure;  and  the  diftillation  is  to  be  fo  con¬ 
duced,  as  to  admit  a  fhort  interval  between  the  fall  ot  each 
drop.  Great  caremuft  be  taken  not  to  fuffer  the  acid  to  boil, 
for  thus  it  would  be  diflipated  in  incompretftble  vapour.  The 
‘ftrft  half  that  comes  over  marks  35°,  the  fecond  40°.  Both 
portions  are  colourlefs,  and  have  all  the  properties  of  a  very 
pure  nitric  acid,  if  of  the  liquor  be  left  in  the  retort. 

If  a  flop  be  put  to  the  diftillation  after  the  firft  portion  is  fe-  Beautiful 
paraled,  and  the  retort  left  to  grow  cold,  you  will  obtain  a  "J,“Sc°0ff  Ica4 
beautiful  cryftallization  of  muriate  of  lead  in  large  and  very  may  be  obtained 
brilliant  ftriatcd  hexaedral  lamince.  This  fait  is  a  true  muriate, 
for  fulphuric  acid  expels  from  it  vapours  eafily  diftinguifhable  0ff. 
to  be  thofe  of  the  muriatic  acid.  On  continuing  the  diftilla¬ 
tion,  thefe  cryftals  gradually  Iofe  their  regular  figure,  and  at 
length  fall  to  the  bottom  in  a  powdery  precipitate. 
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Eafy  Method  of  making  the  very  comhujlihle  Oxide  of  Phofphorus . 

By  Amicus. 

To  Mr.  NICHOLSON. 

Dear  Sir, 

Oxide  of  phof-  You  know  very  well  that  phofphorus  united  to  a  much 
phorus.  fmaller  proporlion  of  oxigen  than  is  requifite  to  render  it  into 

the  acid  date,  brings  it  into  the  condition  of  an  oxide  which 
fets  on  fire  fulphur,  on  juft  rubbing  it  againf!  a  common  match. 
But  the  common  method  of  oxidizing  phofphorus  for  phofpho- 
ric  matches  by  fixing  it  in  the  bottles  with  a  hot  iron,  is  trou- 
blefome  and  wafteful.  This  oxidation,  however,  may  be 
etfe&ed  with  great  facility  and  economy  by  expofing  a  large 
proportion,  viz.  a  hundred  grains  of  phofphorus  in  ajar  contain¬ 
ing  half  a  pint  meafure  of  oxy-muriatic  acid,  in  which  cir- 
cumfiance  the  phofphorus  will  be  melted  and  fume,  but  fcarcefy 
take  fire.  After  cooling,  it  mutt  be  kept  excluded  from  the 
air,  to  prevent  the  inflammation  from  mere  expofure. 

Pear  Sir,  Yours, 

AMICUS. 

May  2B th,  1805. 


XXIII. 


Pefcription  of  an  extremely  fenjible  Micro-electrometer.  By  Mr* 

MaRECH  AUX.f 

A  piece  of  leaf  J  N  a  glafs  cylinder,  about  an  inch  and  half  in  diameter  and 

ed Vo  as  to^be^"  ^ve  or  ^IX  *nc^ies  h'gh »  a  P*ece  leaf  filver  is  fufpended  from 
moveable  in  a  a  fmall  pair  of  nippers,  capable  of  being  lowered  or  elevated 

giafs  cylinder.  as  the  length  of  the  leaf  may  require.  The  piece  that  carries 

the  nippers  may  likewife  be  moved  horizontally,  fo  that  the 
leaf  may  be  moved  at  pleafure  nearer  to  or  further  from  a 
fphere  of  copper,  which  is  one  of  the  poles  pf  the  inflru- 
ment. 

•  - 

*  Tranflated  from  Von  Mons's  Journal  de  Cbimie ,  Vol.  VI.  p. 
38.  Abridged  by  Van  Mons  from  Gilbert’s  Ann  alt  n  der  Pbyfik. 
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The  glafs  cylinder  has,  about  1"  (centimetre,  near  4  lines  Through  a  hole 
Englifli  meafure?)  from  (he  plate  on  which  it  is  fixed,  a  fmall  ^^crometer^ 
hble,  through  which  pafles  the  extremity  of  a  micrometer- ferew  pafles, 
ferew,  about  the  dze  of  a  large  goofe-quill,  and  very  care¬ 
fully  cut.  This  ferevv  has  fifty  threads  in  a  Rbynland  inch, 
cut  very  deep,  though  very  fine.  It  is  made  of  two  pieces, 
and  fliould  be  at  lead  three  quarters  of  an  inch  long,  to  avoid 
any  thake.  The  extremity  of  this  ferew  carries  a  little  ball, 
which  is  put  on  after  the  ferew  is  paffed  through  the  opening 
in  the  cylinder.  To  avoid  all  friCtion  againft  the  glafs,  care 
is  taken  that  the  ferew,  when  turned,  does  not  touch  the 
edges  of  the  cylinder.  The  ferew  carries  a  plate  three  inches 
and  a  half  (.3.8  Englifh)  in  diameter,  which  has  360  divi¬ 
sions,  and  confequently  divides  each  thread  of  the  ferew  into 
as  many  parts. 

In  this  manner  we  are  enabled  to  determine  the  fphere  of  by  which  the 
activity  of  the  two  eledti duties  in  1 80001  hs  of  a  Rhynland  (ilf^nce 
inch.  The  mounting  which  contains  the  female  ferew  has  a  jnThniay  be 
fmall  pillar,  which  advances  on  the  plate,  and  carries  an  in-  meafuied. 
dex,  by  which  the  degrees  are  marked  with  precifion. 

To  ufe  this  indrument,  which  is  perfectly  infulated  by  the  Mode  of  pre- 
glafs  plate  on  which  it  reds,  the  fird  thing  is  to  place  the  plate  ^rumentfouife. 
in  fuch  a  podtion  that  the  0  diail  be  exactly  under  the  index. 

The  adjuding  ferew  which  carries  the  nippers  is  then  to  be 
moved  till  the  leaffilver  is  fo  near  the  ball,  that  no  light  pades 
between  them.  Thus  we  have  the  point  of  contaCt,  and  of  0 
for  the  fphere  of  activity  of  the  two  electricities.  To  be  certain 
that  the  leaf  is  brought  as  clofe  as  podible  to  the  ball  without 
being  forced  out  of  the  vertical  direction,  the  micrometer  ferew 
diould  be  moved  a  turn  did  backward  then  forward  feveral 
times,  and  the  podtion  of  the  leaf  obferved  every  time  the 
ball  is  brought  into  contaCt  with  it.  The  indrument  being  thus 
adjuded,  the  micrometer-fcrew  mud  be  moved  backward  one 
turn,  and  then  we  have  between  the  leaf  and  the  ball  a  didance 
of  one-dftieth  of  an  inch,  which  may  be  fubdivided  at  pleafure 
by  means  of  the  plate ;  for  with  a  plate  near  four  inches  in 
diameter,  and  by  means  of  the  dne  needle  on  which  it  turns, 
we  may  didinguith  half  or  even  a  quarter  of  a  degree  if 
pecelTary. 

An  adjudment  fixed  to  the  plate  on  which  the  cylinder  reds  Apparatus  for 

ferves  to  afeertain  whether  the  leaf  of  diver  be  in  faCi  drawn  a^certainmg  the 
r  T  '  perpendicularity 

out  of  the  leaf. 
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Mock  of  nfing 
the  inffrumetit. 


out  of  tlie  vertical  line  by  any  attractive  power.  This  confifis 
of  a  fine  (ilk  thread,  flretched  in  the  fame  plane  as  the  filver 
leaf.  By  means  of  the  (crew  this  thread  may  be  moved  both 
horizontally  and  vertically,  fo  as  to  follow  the  movements  of  the 
filver  leaf. 

Every  thing  being  thus  arranged,  make  a  communication 
by  means  ot  conducting  wires  between  a  fingle  couple  of  me¬ 
tallic  dilks,  or  one  confiiluent  part  of  a  pile,  placed  on  a  plate 
of  glafs,  and  the  inftrument,  fo  that  one  of  the  metals  fliall 
communicate  with  the  top  of  the  inftrument,  and  the  other 
with  the  bottom.  Then  by  means  of  a  glals  handle  fitted  to  it 
move  the  plate  (lowly  (rom  one  degree  to  another,  and  you 
will  find  the  leaf  touch  the  ball  with  ordinary  eleClricity,  when 
it  is  60°  or  80°  of  the  micrometer  ferew  from  (he  vertical  plane, 
in  which  the  leaf  filver  refied  before  its  communication  with 
the  metallic  difks.  This  difiance  increafes  for  every  pair  of 
dilks  added;  and  as  the  ball  remains  fixed  at  the  point  to  which 
the  ferew  has  carried  it,  the  motion  of  the  infirument  may  be 
obferved  with  great  accuracy. 

It*  extreme  fen-  This  infirument  is  fo  fenfible,  that,  if  a  (lender  glafs  tube 
fitwlitv,  fc>e  n>bi)ec]  but  twice,  and  brought  near  the  apparatus,  though 

feveral  inches  from  its  fummit,  it  paftes  through  the  whule 
extent  of  its  feale.  It  is  for  this  reafon  (he  inventor  calls  it 

S,  ‘  ' I  . 

a  micro-eleftrometer ,  bocaufe  we  can  meafure  only  very  weak 
degrees  of  eleClricity  with  it. 


XXIV. 

Action  of  Phofphorus  on  the  Solutions  of  Metals.  By  Mr. 

SchNAUBERT  *. 

\ 

Ph'jfphorm  ob-  ^  AGEf  had  already  obferved,  that  phofphorus  precipitates 
b-  ^,e  falphates  of  copper  and  of  manganefe.  After  him 
lifemann,  Ilfemann  J  obtained  a  cryftallization  of  lilver  in  the  humid 
FUl*  ky  means  of  phopborus.  Still  more  recently  Mrs.  Ful- 

*  Van  Mons’s  Journal  de  Chimie ,  Vol.  V[.  p.  95.  Abridged 
from  Goettling’s  Chcmifches  Bafchenhuch. 

f  Analyfe  cbimique  et  Concordance  des  trots  Regnes. 

%  Crell's  Ckcmifche  Artnalen)  1789,  Tom.  II.  p.  323. 
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hame*  published  experiments  on  the  redu£tion  of  fome  roelals 
by  phofphorus  diirolved  in  ether.  Laftly,  Mr.  Schnaubert  Schnaubert’s 
has  undertaken  a  new  inveftigation  of  the  fubjedl,  the  prin-exf?umcnti* 
cipal  refults  of  which  are  as  follows: 


Gold. 


Two  little  bits  of  phofphorus  were  put  into  a  nitro-muriatic  Gold  completely 

folution  ol  gold  diluted  with  a  fmall  portion  of  water.  At  the  PreciP'taccd  Jn  a 
.  .  r  ,  .  '  .  .  ,  metallic  form  by 

expiration  or  twenty-iour  hours  the  lolution  was  completely  .phofphorus. 

colourlefs,  and  pellicles  of  the  colour  of  metallic  gold  fwam 

on  the  furface  of  the  liquid.  The  phofphorus  itfelf  was  co- 

vered  with  a  deep  brown  coating*  and  in  this  was  obfervable 

in  feveral  places  thin  layers  of  reduced  gold.  At  the  place 

where  the  phofphorus  was  a  black  circle  was  perceived. 

The  dilution  thus  treated  by  phofphorus,  had  not  a  tingle 

atom  of  gold  left  in  it. 

Siher. 

i  •  ■  -»»..•*-  .  t  •  .'  *  'T  t  i 

Some  phofphorus,  which  was  left  for  twenty-four  hours  in  Silver precipi- 
a  nitric  f  fution  of  filver  diluted  by  water,  was  completely  dendritic 

covered  with  metallic  filver  in  the  form  of  dendrites,  the  ra¬ 
mifications  of  which  were  directed  upwards.  During  ebulli-  which  boiling 
tion  this  remarkable  cryfiallization  of  filver,  which  made  the phTfphu^e!^0 * 
phofphorus  appear  as  if  garnifiied  with  points,  aflumed  firft  a 
white  colour,  and  afterward  formed  a  light  black  mafs,  which 
at  length  became  of  a  light  brown  colour. 


QuicJcJiher. 

Mercury  ditfolved  in  nitric  acid  is  precipitated  on  the  phof-  Mercury  prect,  t 
phorus  in  the  form  of  little  metallic  globules,  w'hich  cover  it  buies  ^  in  sIo~ 
entirely.  By  heating  to  ebullition  the  mercurial  globules  dif-  which  heat  con- 
appear,  and  a  black  mafs  without  any  metaLlic  lufire  is  formed.  a 

Lead . 


At  the  ordinary  temperature  phofphorus  did  not  acl  on  the  Bead  not  re- 
nitric  folution  of  lead,  though  (he  digefiion  was  continued  fur  bon!ngWheatUt  * 
feveral  days :  at  a  boiling  heat  however  a  change  was  ob- 
ferved  in  the  phofphorus,  which  was  covered  with  a  grey 
colour  (lightly  metallic. 

*  Efiay  on  Combuftion,  See, 

Copper. 
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Copper . 

Copper  power-  No  metallic  folution  was  more  ftrongly  attacked  by  phof- 
tuliy  adcd  on.  phorus  than  that  of  copper  in  nitric  acid.  The  phofphorus 

was  no  (boner  introduced  into  the  folution  of  copper,  than  it 
alfumed  a  black  colour.  In  twenty -four  hours  it  was  covered 
with  a  ftratum  of  metallic  copper  in  very  thin  layers  *;  and 
the  (olution  had  become  much  paler.  The  application  of  heat 
caufed  drops  of  phofphorus  to  flow  out  upon  the  reduced 
copper,  where  they  immediately  affumed  a  black  colour. 
Tbefe  drops  atler  a  time  were  in  their  turn  covered  with  a 
Completely  pre-  metallic  coat  of  copper.  A^er  this  the  folution  was  perfectly 

the  folution.  colour lefs,  and  ammonia  did  nql  deteft  in  it  the  leaft  par¬ 
ticle  of  metal. 


Tin  partly  re¬ 
duced,  partly 
converted  into 
phofphure. 


Tin . 

Several  bits  of  phofphorus  were  put  into  a  folution  of  tin 
in  nitro  muriatic  acid.  The  next  day  the  phofphorus  was 
coloured  of  a  deep  brown,  only  in  fome  parts  a  metallic  co¬ 
lour  was  obfervable.  Thele  metallic  Ipols  difappeared  on 
boiling,  and  the  pholphorus  became  flill  deeper  coloured. 


Sulphate  of  cop-  #  In  making  this  experiment  with  a  folution  of  fulphate  of  cop¬ 
per  torms  a  beau- per>  an(j  fljghtiy  heating  the  mixture,  at  firft  a  vapour  ariles,  con- 
'  cxicr  ^  filling  of  phofphorus  gas,  that  carries  off  with  it  fome  fraall  particles 
The  phofphorus  of  phofphorus,  which  take  fire  on  the  furface  of  the  folution  :  but 

enveloped  in  a  the  extrication  of  this  vapour  foon  ceafes,  and  the  phofphorus  be- 
cafe  of  particu-  ,  ...  ,  _  ,  .  .  r  ....... 

larly  malleable  comes  hermetically  encloled  in  a  box  of  copper,  in  which  it  is  de¬ 
copper  impervi-  fended  againft  any  farther  a£fion  of  the  fulphate,  and  even  of  the 
ous  to  air.  air,  t0  whatever  temperature  fhort  of  fufing  the  copper  it  be  after¬ 
wards  expo  fed.  The  plate  of  copper  that  forms  this  covering  is 
two  or  three  lines  thick  :  it  poffeffes  mot  e  tenacity  than  common 
copper,  for  it  may  be  flattened  with  a  hammer  in  different  direc¬ 
tions  without  cracking,  which  at  the  fame  time  proves  the  great 
comprefiibility  of  the  phofphorus;  and  it  fhines  with  a  very  pure 
metallic  luftre.  On  opening  the  box  carefully  with  a  cutting  in- 
ftrument,  the  phofphorus  is  found  in  it  retaining  perfectly  its  form, 
filling  its  copper  cafe  completely,  and  not  appearing  even  to  have 
a£led  upon  the  fulphate. 

Other  metals  did  [  did  not  obtain  the  fame  effeff  with  feveral  other  metals  which  I 
effeif  jdjCe  tl  lb  tr‘ec^>  no  on  account  of  their  containing  more  oxigen. 

*  VAN  MONS. 


Mangantft, 


mk.  Schmidt’s  pvrometer. 
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Manganefe. 

Some  bits  of  phofphorus  were  put  into  a  fulphuric  folution  Manganefe  re- 
of  manganefe.  The  next  day  the  phofphorus  was  of'  a  deepduccd  by  iU 
brown  colour,  and  on  its  fur  face  was  perceivable  a  pleating 
mixture  of  colours,  owing  to  the  reduced  metal.  The  mix¬ 
ture  was  then  heated  to  ebullition,  and  after  it  had  grown 
cold,  the  manganefe  was  found  reduced  in  the  form  of  little 
radiating  lines  on  the  fuled  phofphorus,  intermixed  with  a 
few  (mall  globules  of  the  white  colour  of  tin. 

In  thefe  experiments  we  may^obferve,  that  the  phofphorus,  General  conda- 
belide  deoxidating  the  metals,  united  with  the  metals  when  **ons* 
i educed  to  form  phofphures,  as  was  evident  in  the  foiutions 
offilver,  mercury,  and  tin. 


XXV. 


Account  of  a  new  Pyrometer,  which  is  capable  of  indicating 
Degrees  of  Heat  of  a  Furnace.  By  Mr.  J.  G.  Schmidt, 
of  Yafpiy,  in  Moldavia.  From  the  Author. 

vV ITHOUT  entering  into  any  detail  concerning  the  fub-  Pyrometrical 
ftances  bell  calculated  for  pyrometrical  enquiries,  I  flatter ^ut>^:ances'* 
myfeli  that  it  will  be  admitted  that  thofe  muff  receive  the  pre¬ 
ference  which  are  capable  of  regularly  contra<5ling  or  expand¬ 
ing,  without  altering  their  chemical  properties,  when  fub- 
je^ted  to  elevated  temperatures. 

The  permanently  elaflic  aeriform  fluids  appear  to  me  to  be  Gafesare  the 
fuperior  in  thofe  refpecls  to  any  other  bodies.  beft  {ox  ftrooS  t 

Let  atmofpheric  air  be  freed  from  moifture  by  cauftic  alkalis,  Atmofphcrk  ah 
or  other  bodies,  and  included  in  a  veffel  of  platina.  This in  a  veffel  of 
veflel  A  ( Fig.  3,  PL  VI.),  which  may  be  made  of  any  con-  platin,i* 
venient  fize,  is  connected  with  the  lube  B  B,  of  as  fine  a  bore 
as  poflible.  This  tube  is  alfo  made  of  platina,  and  reaches 
into  a  veflel  C,  which  is  filled  with  water  uf>  to  ec,  and 
into  this  the  tube  is  fixed  air-tight.  Out  of  the  veffel  C  rifes 
a  glafs  cylinder  G  hermetically  (baled,  including  a  thermo¬ 
meter,  and  a  graduated  tube  F  F  is  fecured  into  the  veffel  C 
in  a  fimilar  manner. 

This 
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Ufe  and  applies-  j  |)js  Js  the  whole  conftru&ion  of  my  pyrometer.  To  make 
ufe  ol  it  nothing  more  is  neceflary  than  to  introduce  the  pla- 
tina  veflel  A  into  the  furnace  the  temperature  of  which  is  to 
be  learned.  The  moment  the  included  air  is  afted  upon  by 
the  heat  it  expands,  and  expels  the  water  up  into  the  gradu¬ 
ated  tube  F  F.  This  rife  will  take  place  accordingly  as  heat 
increafes.  If  care  be  taken  that  the  air  be  cooled  in  the  vefTel 
C  as  much  as  poflible  (which  will  be  the  cafe  from  the  large 
lurfaee  of  water  to  which  it  is  expofed),  it  is  obvious  that  a 
volume  of  water  equal  to  the  volume  of  air  in  the  vefTels  of 
platina,  can  never  pals  up  into  the  tube.  The  refrigeration 
may  be  facilitated  by  the  application  of  vaporizable  fluids, 
luch  as  ether,  alcohol,  8zc. 

If  the  degree  of  temperature  be  obtained  which  the  air  had 
before  it  was  fubje&ed  to  the  experiment,  and  a  proper  al¬ 
lowance  be  made  for  the  preffure  of  the  water  in  F  F,  the 
true  expanfion  of  the  air  may  thus  be  found,  and  compared 
with  the  refpe&ive  temperatures. 


XXVI. 


New,  eafy,  and  economical  Method  of  feparatin g  Copper  from 
Silver .  By  Mr.  Goettiing*. 

Sulphuric  acid  T  HERE  are  four  methods  of  feparating  copper  from  filver* 

ufcdmftcad  <f  aj|  require  the  alloy  to  be  diffolved  in  nitric  acid.  As 

nitric  on  account  *  J 

•f  cheapnefs,  this  acid  is  very  dear,  Mr.  Goettiing  thought  of  ufing  the  fuf- 
phuric  in  its  ftead,  which  is  comparatively  very  cheap.  His 
and  with  pcifedl  fuccefs  perfectly  equalled  his  expectation,  and  the  following  is 
his  method  : 

Having  afeertained  by  the  touchftone,  or  in  any  other  way, 
the  proportion  of  filver  contained  in  the  alloy,  take  one  part 
of  fulphurre  acid  for  every  part  of  filver,  and  for  every  part  of 
copper  three  parts  and  three-fifths  of  a  part  of  the  fame  acid. 
Dilute  the  acid  with  half  its  weight  of  water,  and  pour  it  into 
a  matrafs  on  the  alloy  reduced  to  very  fmall  pieces.  In  order 


fuccefs. 

lEcfctiption  of 
the  frocefs. 


*  Tran  fla  ted  from  Van  Mons’s  Journal  de  Chimief  Vol.  VT. 
p.  77.  Originally  publithed  in  the  Tafcken- Bitch  fucr  Schetdeku- 
fnJUer>  and  abridged  by  Van  Mens, 

t# 
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to  promote  the  action  of  the  acid,  it  is  of  life  to  put  one  part 
more  to  every  fifteen  parts  of  the  alloy.  The  matrals  is  then 
to  be  placed  in  a  fand-heat,  and  tiie  acid  brought  to  a  date  of 
ebullition.  In  two  or  three  hours  time  the  alloy  is  commonly  dif- 
uniled  and  converted  intoi'ulphate,  particularly  it  care  betaken  to 
dir  the  mafs  from  time  to  time  with  a  glafs  fpatula.  This  mafs 
is  thick,  and  frequently  hard.  While  it  is  dill  hot,  fix  or  eight 
times  its  weight  of  boiling  water  is  to  be  added  to  it,  and  it  is 
to  be  left  tome  time  longer  on  the  tire.  The  tulphate  of  copper 
will  be  diflolved,  and  great  part  of  the  fulphate  of  filver  will  be 
precipitated.  The  operator  will  now  examine  whether  the 
whole  be  completely  diflolved  ;  and  if  it  be,  a  plate  of  copper, 
or  fome  pieces  of  copper  or  halfpence  tied  up  loofely  in  a  piece 
of  coarfe  linen,  mud  be  fu (pended  in  the  mixture,  and  the 
whole  kept  boiling  for  fome  hours.  The  tulphate  of  diver 
will  thus  be  decompofed,  and  the  filver  feparaled  in  the  me¬ 
tallic  date. 

To  afcertain  whether  the  reparation  be  complete,  a  few  Mode  of  afcer- 
drops  of  folution  of  muriate  of  foda  are  to  be  dropped  into  a  [h^kparatbn^s 
little  of  the  liquor.  If  a  cheefelike  precipitate  be  formed,  it  complete, 
is  a  proof,  that  all  the  filver  is  not  feparated,  and  in  tins  cafe 
the  ebullition  with  the  copper  mud  be  continued  longer.  After 
the  whole  of  the  diver  is  feparated,  the  liquor  is  to  be  poured 
off,  the  precipitated  diver  is  to  be  well  walked,  and  the  entire 
reparation  ofthe  cupreous  fait  is  to  be  afcerlained  by  the  addition 
of  a  few  drops  of  liquid  ammonia  to  the  water  with  which  the 
precipitate  has  been  walked,  which,  if  it  contain  any  copper, 
will  be  rendered  blue  by  the  ammonia.  Alter  the  filver  is  May  be  keptin 

thoroughly  freed  from  the  fulphate  of  copper,  it  may  be  kept  wTttftulplute  of 
in  the  date  of  pow'der  as  it  is,  or  it  may  be  fufed  with  a  fourth  potaih. 
or  at  mod  half  its  weight  of  fulphate  of  potafli. 

The  water  poured  off  is  then  to  be  mixed  with  what  was  Blue  vitriol  ob- 
ufed  for  walking  the  precipitate,  and  evaporated  in  a  copper 
pan,  fo  as  to  obtain  the  fulphate  of  copper  by  crydallization.  acid. 

The  blue  vitriol  thus  produced  will  be  at  lead  equal  in  value  to 
the  fulphuric  acid  employed. 

If  any  parts  of  the  alloy  remained  undiffolved,  it  fkould  Undi fib! ved alloy 
be  feparated  by  decantation,  and  referved  for  a  future t0  be  fct 
operation. 
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SCIENTIFIC  NEWS. 


Ritter  aflerteii 
that  a  pile  com- 
pofed  of  one 
fluid,  and  one 
metal,  was  capa¬ 
ble  of  being 
charged  by  an¬ 
other  pile, 
but  the  fa<ff  is, 
that  the  fluid  is 
converted  into 
two  different 
fluids  by  the 
eledhic  current. 


Mechanical 
work  by  Mr. 
C»re&ory. 


SCIENTIFIC  NEIFS. 

Extract  of  a  Letter  from  Brug  natelli,  concerning  the 
71011-ex ijlence  of  the  charged  Tile  *. 

Volta  has  made  many  experiments  on  piles  compofecl  of 
a  (ingle  metal,  and  a  Tingle  wet  ftratum,  which,  from  being 
ina£tive  by  themfelves,  become  more  or  lels  active  aiter  af¬ 
fording  a  pafTage  tor  a  longer  or  fliorter  (pace  ot  tinie  to  an 
eledtric  current  tet  in  motion  by  active  pile,  ike. 

Ritter,  the  mod  judicious  of  the  galvanic  philofophers  of 
Germany,  has  afferted,  as  Volta  fays,  that  the  active  pile, 
or  common  electrometer,  trail Im its  a  real  charge  to  the  pile 
.  that  is  ilfelf  inactive,  which  it  therefore  calls  the  charged  pile. 
Volta  however  has  convinced  himfelf,  that  no  charge  is 
tranfmitted,  but,  by  virtue  of  the  ordinary  chemical  action, 
the  electric  current  being  continued,  changes  the  Tingle  wet 
ftratum  interpofed  between  two  pieces  of  gold.  Tor  example, 
into  tv\ro  different  fluids,  one  acid,  by  which  the  electric 
current  ilTties  out  of  the  metal,  and  the  other  alcaline,  by 
which  it  enters;  which  conftitutes  a  pile  of  the  fecond  order, 
namely,  of  one  metal  and  two  fluids  of  different  natures,  the 
action  of  which  however  does  not  continue  long,  beeaufe  the 
fluids  Toon  mix. 

Mr.  GREGORY  of  the  Royal  Military  Academy,  Wool¬ 
wich,  has  now  in  the  prefs  a  Treatife  on  Mechanics,  which 
is  intended  to  be  publiflied  in  two  volumes  octavo.  The  firft 
will  be  devoted  chiefly  to  the  theory,  and  will  be  divided  into 
five  books  under  the  feveral  heads  of  ffatics,  dynamics,  hy- 
droftatics,  hydrodynamics,  and  pneumatics.  The  fecond 
volume  will  be  chiefly  appropriated  to  practical  and  deferiptive 
(objects,  and  will  commence  with  general  remarks,  rules, 
and  tables,  relative  to  the  nature,  conftru&ion,  and  Amplifi¬ 
cation  of  machinery;  the  effects  of  friction,  and  the  rigidity 
of  cords;  and  eftimates  of  the  varied  energy  of  different 
firft  movers,  &c.  Thefe  will  be  followed  by  descriptions 
arranged  alphabetically,  of  about  100  of  the  molt  curious, 
ufeful,  and  important  machines.  In  this  latter  part,  Mr. 
Gregory  has  been  promifed  communications  from  fome 
celebrated  civil  engineers,  fo  that  he  hopes,  on  the  whole, 
to  render  the  work  in  fome  meafure  deferving  the  attention  of 
thofe  who  are  engaged  in  the  cultivation  and  improvement 
either  of  the  theory  or  the  praQice  of  mechanics. 

*  Van  Mans  Journal  de  Chime,  Vol.  VI.  p.  132. 
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AND 

THE  ARTS. 


JULY,  1805. 


ARTICLE  I. 

*  • 

Remarks  on  the  Ejlimation  of  the  Strength  of  Horfes.  In  a  Let » 
ter  from  Mr.  O.  Gregory,  of  the  Royal  Military  Academy  > 
Woolwich . 


To  Mr.  NICHOLSON. 


SIR, 


1  HE  remarks  of  your  ingenious  correfpondent,  Mr.  Horn  -  Reference  to 
blower,  on  the  various  edimates  of  the  Power  of  a  Horfe ,  and  M,r*  Hoinblow' 
the  abfurdity  of  adopting  a  quantity  fo  fluctuating  and  fo  dif- horfe  powyrs. 
ficult  to  afcertain,  as  a  common  meafure  by  which  the  powers 
and  effects  of  deam  engines  and  other  machines  are  to  be  edi* 
mated  and  compared,  have  induced  me  to  throw  logether  a 
few  obfervations  on  the  fame  fubjects;  the  theoretic  part  of 
which,  though  familiar  to  mod  men  of  fcience,  feems  not  to 
be  always  known,  or  at  lead  recollected,  by  fome  perfons  who 
are  employed  in  the  practice;  and  which  are  altogether  much 
at  your  fervice  for  infertion  in  the  Journal,  if  you  think  them 
likely  to  be  of  any  utility. 

Dr.  Defaguliers  has  given  another  eflimate  of  the  labour  ofEftimate  of 
a  horfe,  befide  that  mentioned  by  Mr.  Hornblovver,  and  which  {3.  ^ ^ i Ucr^  ^ 
indeed  does  not  feem  very  confident  with  it ;  for  in  vol.  II.  p.  2001b  eigh: 

251 .  of  his  Experimental  Philofophy,  he  affirms  that  a  horfe  in  miLs  p^r 
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■ — by  Sauvcur 
1891b.  avoird. 
three  feet  per 
fecond, 


an  advantageous  fitualion,  is  able  to  draw  200!bs.  eight  hours 
a  day,  walking  at  the  rate  of  2\  miles  in  an  hour,  or  3*  feet 
inalecond.  This  llatement  of  the  power  of  a  horfe,  though 
it  is  not  to  great  as  that  which  is  arbitrarily  alTumed  by  MefTrs. 
Boulton  and  Watt,  exceeds  the  determination  of  M.  Sauveur, 
who  eftimates  the  mean  effort  of  a  horfe  at  175  French,  or  189 
avoirdupois  lbs.  with  a  velocity  of  rather  more  than  three  feet 
per  fecond;  and  it  probably  exceeds  Mr.  Smeatonbs  datemeiH 
of  550lbs.  moved  40  feet  in  a  minute  ;  though,  as  will  foon  be 
feen,  w e  are  not  furnifhed  with  proper  data  to  in H it ute  a  com¬ 
panion  between  thefe  various  refults.  It  is  probable,  how¬ 
ever,  as  oblerved  by  the  ingenious  contributor  of  the  article  at 
page  210,  vol.  IX.  of  your  Journal,  that  “  the  lowed  of  thefe 
“  performances  is  more  than  equal  to  the  average  power  of  a 
t(  horle  employed  in  hufbandry  tor  eight  hours  per  day.”  So 
—by  the  author  far  as  my  ovvn  obfervatious  on  this  point  extend,  I  am  inclined 
pe^fecond.^  ^  conclude  that  the  average  work  of  a  ftout  London  cart 
horfe,  for  eight  hours  in  a  day,  is  little  if  any  more  than  130lbs. 
moved  at  the  rale  of  three  feet  in  a  fecond,  or  2-^miles  per 
hour.  But  this  it  would  be  ridiculous  to  atfume  pofitively  as  a 
univerfal  unit  of  meafure,  in  a  cafe  where  the  caufes  of  vari¬ 
ety  are  fo  numerous,  and  my  opportunities  of  experiment  com¬ 
paratively  few.  The  eflimate  juft  given,  it  lliould  beobferved 
is  not  intended  to  exprefs  what  a  horfe  can  draw’  upon  a  wheel 
Carriage,  where  friction  alone  is  to  be  overcome,  after  the  load 
is  once  pul  into  motion,  and  where  a  horfe  will  often  draw 
much  more  than  lOOOlbs.  but  the  weight  which  a  hoFfe  would 
raiie  out  of  a  well,  &c.  the  animal  acting  by  a  horizontal  line 
of  tradion  turned  into  the  vertical  direction  by  a  fimple  pullv 
or  roller,  whole  trillion  is  reduced  as  much  as  poflible.* 

Before  we  can  inltitute  any  comparifon  between  the  refulls 
of  different  experiments,  i!  will  always  be  neeeffary  to  enquire 


Mifapplication 
of  rhe  general 
principle  that 


gain  in  power  is  what  machine  was  inlerpofcd  between  the  weight  moved  and 
lots  in  time.  animal,  in  each  cafe,  that  we  may  thence  deduce  the  real 

velocity  with  which  the  animal  moved,  from  the  velocity  of 
the  weight  or  load  given  by  the  obfejrvations.  This  is  too  fre- 

*  The  late  Mr.  More,  Sec.  to  the  Society  of  Arts,  found  by  the 
*  interpolation  of  a  graduated  fpring  inftrument  between  the  horfe 

and  his  work,  that  the  re-adion  was  between  70  and  80lb.  when 
the  velocity  was  three  miles  in  an  hour.  I  think  the  work  was 
ploughing.  See  Philof.  Journal,  quarto,  Vol.  III.  136.  N. 

:  .  „  quently 
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quently  omitted  in  confequence  of  an  implicit  reliance  upon  a 
Maxim,  which,  though  highly  ufeful  under  proper  reftri&ions> 
is  far  from  univerfal  in  its  application.  In  the  cafe  before  us, 
if  we  admit  the  maxim  now  alluded  to,  namely,  that  ivhat  is 
gained  in  pozver  is  loft  in  time,  with  regard  to  the  machine 
through  whole  intervention  the  velocity  of  the  weight  is  ren¬ 
dered  different  from  that  of  the  horfe,  it  would  be  unfafe  to 
adopt  it  in  the  appreciation  of  the  varied  energy  of  the  ani¬ 
mal  when  moving  with  different  velocities.  The  reafon  of 
this  is  obvious.  The  energy  of  the  horfe  is  obliged  to  be  em-  An  horfe,  hav- 
ployed  not  only  in  overcoming  the  weight  or  refinance  which 
oppofes  his  progrefs,  but  in  part  in  moving  himfelf;  for  the  exert  his  force 
particles  which  conftitute  his  frame  polfefs  weight  and  inertia,  his  wor^ 

and  therefore  cannot  be  put  into  motion  without  effort.  Hence 
it  follows  that  there  is  a  certain  velocity,  which  may  be  de¬ 
noted  by  U,  with  which,  when  the  animal  moves,  his  whole 
power  will  be  employed  in  producing  his  own  motion  folely, 
without  being  able  to  move  any  other  body.  If  a  body  whofe 
mafs  is  M  be  attached  to  the  horfe,  fo  that  he  cannot  move 
without  giving  an  equal  velocity  to  the  extraneous  body,  the 
fame  effort  being  employed  both  in  moving  the  animal  and  the 
mafs  attached;  the  velocity  V,  with  which  they  move  muft 
neceffarily  be  lefs.  And  if  M  be  farther  increafed  while  the 
weight  and  energy  of  the  horfe  continue  the  fame,  the  velo¬ 
city  V  will  be  dill  farther  diminifhed  ;  and  thus  as  M  in- 
creales  V  will  diminifh,  until  when  M  arrives  at  a  certain 
magnitude,  W,  the  animal  is  unable  to  make  any  progreffive 
motion,  and  exerts  his  force  at  what  is  called  a  dead  pull.  If 
M  exceeds  W,  then  will  V  become  negative,  and  in  dead  of 
the  animal  advancing  with  the  load,  the  load  will  compel  him 
to  move  backwards,  and  no  ufeful  work  can  be  accomplithed. 

Now  thefe  circumftances  may  be  expreffed  algebraically.  Method  of  com* 
i  .  ,  ,rT  ,r .11  .  ,  .  ,  puting  the  effect 

by  the  general  formula  M  c<  (U  — V)  ,  in  whieh  the  exponent  0f  horfes. 
n  can  only  be  determined  by  means  of  judicious  and  numerous 
experiments,  where  the  magnitude  of  M  fhould  be  afeertained 
for  many  variable  values  of  V  between  the  terms  V=U,  and 
V ~ o.  From  this  theorem,  following  the  common  rules  for 
the  maxima  and  minima  of  quantities,  it  may  readily  be  found 
that  in  order  to  have  Iheujiful  work  done  the  greateft  poflible, 

’  U 

we  muff  increale  or  decreafe  the  weight  till  V  becomes  = - » 

°  •  n-fl 

L  2  when 
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Example* 


On  the  power 
of  horfes  walk 
ing  in  circular 
paths j 


—of  different 

radii. 

# 


71 

71 

when  the  performance  will  be  denoted  by  - - —  x  W  U 

71  — | —  1 

(n+1) 

And  if  the  value  of  V  thus  exhibited  be  once  ascertained  ex¬ 
perimentally,  we  need  never  be  apprehend ve  of  a  material  lofs 
by  a  Small  variation  from  it;  for  by  a  well  known  property  of 
thofe  quantities  which  admit  ot  a  proper  maximum  and  mini¬ 
mum,  a  value  affirmed  at  a  moderate  didance  from  either  ot 
thefe  extremes  w  ill  produce  no  fendble  change  in  the  effect. 

In  fome  of  the  actions  of  men,  fuch  as  dragging  a  boat  along 
n  canal,  &c.  the  value  of  n  in  the  preceding  theorems  has 
been  found  to  be  nearly  =  2.  And  the  draught  of  horfes  is 
conformable  to  a  law  not  widely  different.  The  bed:  experi¬ 
ments  which  have  yet  been  made  on  this  point  with  regard  to 
horfes  drawing  in  nearly  reftilinear  paths,  lead  us  to  conclude 


that  n  is  then  very  nearly  =  |-,  in  the  expredion  M  oc  (U  — V) 
Afiuming  therefore  for  the  utmoft  walking  velocity  of  a  horle, 
the  value  U  =  9  feet  per  Second,  a  value  which  is  quite  high 
enough,  any  propofed  efti mates  of  the  Strength  of  this  animal 
may  be  compared  wdth  facility.  Thus,  for  example,  let  us 
enquire  which  is  greater,  the  eftimate  of  Mr.  More  (men¬ 
tioned  by  Mr.  Hornblowrer)  of  80lbs.  three  miles  per  hour,  or 
4f  feet  per  Second;  or  that  of  1 30lbs.  moved  at  the  rate  ot 


three  feet  per  Second  ?  Here  w'e  dial  I  have 
2.  9 

(9  — 3)4  ;  (9  — 4*4)4  ::  130  :  7 1  fibs,  nearly. 

The  operation  may  eadly  be  performed  by  means  of  a  table  ot 
logarithms,  and  Shews  that  the  mean  eftimate  I  have  laid  down, 
when  reduced  to  the  fame  velocity  as  that  by  Mr.  Moore,  lur- 
nithes  a  refult  lefs  than  his  by  8f  lbs.  Which  of  thefe  is  the 
moft  accurate  can  only  be  determined  by  future  experiments. 

If,  however,  either  of  thefe  eftimates  fliould  be  adopted, 
it  may  be  proper  to  remark  that  they  would  not  hold  writh  re¬ 
gard  to  the  power  of  horfes  working  in  circular  paths;  yet,  it 
it  be  at  all  proper  to  ufe  horfe  powers  in  eftimating  the  energy 
of  machines,  it  Seems  moft  natural  to  take  thefe  powers  as  ex¬ 
erted  by  the  animal  in  a  round  walk  ;  So  that  it  is  Hill  neceflary 
to  have  a  Series  of  experiments  to  determine  the  values  of  n, 
and  the  relation  of  M  and  V  when  horfes  draw  in  circular 
walks  of  different  radii.  I  fay,  of  different  radii,  becaufe  it  is 
certain  that  ccctcris  paribus,  the  greater  the  radius  of  the  circle 

in 
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in  whofe  circumference  the  animal  moves,  the  lets  fatigue  will 
be  occationed  by  that  kind  of  motion.  Indeed  it  is  obvious, 
that  lince  a  re&ilinear  motion  is  the  mod  eafy  and  natural  for 
the  horfe,  the  Iefs  the  line  in  which  he  moves  is  curved,  with 
the  greater  facility  he  will  walk,  over  it,  and  the  lefs  he  need 
recline  from  the  vertical  pofition.  Befides  this,  with  equal 
velocity  at  the  circumference,  the  centrifugal  force  will  be 
lefs  in  the  greater  circle,  which  will  proportionally  diminifh 
the  fri6lion  of  the  cylindrical  part  of  the  trunnions,  and  the 
labour  of  moving  the  machine.  And  farther,  the  greater  the 
radius  of  the  horfe- walk,  the  nearer  the  chord  of  the  circle  in 
which  the  horfe  draws  is  to  coincidence  with  the  tangent, 
which  is  the  mod  advantageous  pofition  of  the  line  of  traction. 

Hence  it  follows,  that  although  a  horfe  may  draw  in  a  walk  The  larger 
of  18  feet  diameter,  yet  he  will  work  with  far  greater  eafe  in  ^Jantagecms^ 
one  whofe  diameter  is  35  or  40  feet ;  and  it  is  very  dedreable 
that  an  experimental  enquiry  fhould  be  made  to  afcertain  the 
proportion  and  abfolute  quantity  of  work  in  different  circles. 

I  am  of  opinion  that  it  would  not  be  difficult  to  make  fome  Defcription  of  a 
ufeful  experiments,  while  work  was  aftually  carrying  on  at  ™ec^gn^al  ap“ 
any  horfe  mill,  or  machine  where  horfes  are  condrained  to  meafuring  the 
move  in  a  circular  walk.  The  dmple  drawing  which  accom-  re-a&ion  inmills, 
panies  this  letter  will  affid  in  conveying  a  clear  idea  of  the 
method  which  I  fancy  might  be  advantageoudy  adopted. 

Let  AB  Fig.  1.  Plate  X.  be  the  vertical  lhaft  to  which  the 
horizontal  horfe  poles  AC,  AD,  are  attached.  Let  one  horfe 
work  the  machine  by  drawing  at  the  ear  E  ;  but,  indead  of 
the  tranfverfe  bar  to  which  the  harnefs  is  fixed  being  fimply 
hung  upon  the  hook  h,  let  a  good  fpring  deelyard  be  inter- 
pofed  between  that  crofs-bar  and  the  hook,  the  graduations 
of  which  Hiall,  When  the  machinery  is  put  into  motion,  in¬ 
dicate  the  refifiance  (in  lbs.)  overcome  by  the  animal,  in¬ 
cluding  the  weight  of  the  mafs  moved,  the  fri&ion,  &c.  Near 
the  extremity  of  the  oppodte  horfe-pole  AD,  let  there  be  fixed 
a  drong  and  correct  common  deelyard,  whofe  divifions  ffiall 
(hew  the  various  weights  from  40  or  50  to  200lbs.  and  whofe 
centre  of  motion  diall  be  at  (he  point/  on  the  fixed  dand. 

Let  the  cord  c  which  is  fadened  to  the  fhorter  arm  of  this 
fteelyard,  pafs  (with  as  little  friction  as  poffible)  over  the 
pulley  p,  and  thus,  being  turned  into  the  horizontal  dire&ion, 
or  rather,  inclining  a  little  upwards,  let  it  be  fixed  to  the  crofs 

bar 
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Defciiption  of  a  bar  of  the  harnefs  of  a  fecond  horfe,  equal  in  point  of  flrength 
pvaow  for  J?"  t0  f°rmer*  Then  if  the  two  horfe?,  thus  attached  to  the 
meafu ring  the  ears  E  and  F,  be  made  to  pats  over  the  walk  in  the  fame 

pe-adtipnin mills,  £jjre^jon^  following  each  other  conflantly  at  the  diflance  of  a 
femi-circumference ;  while  that  which  draws  at  the  ear  E 
overcomes  the  whole  prelfure  and  refinance  oppofed  by  the 
work,  the  other  which  draws  at  F  by  the  cord  over  the  pulley 
p ,  will  raile  the  weight  zo  of  the  fleelyard;  which  therefore, 
by  being  moved  to  and  fro  upon  the  arm  f  i,  may  be  brought 
to  exhibit  an  exadt  counterpoife,  or  meafure  of  the  exertion 
and  power  of  the  horfe.  And  in  order  to  enfure  the  greateft 
degree  of  accuracy  in  this  refpedt,  the  motion  of  the  two 
animals,  and  the  poiition  of  the  weight  iv,  fhould  be  fo  ad¬ 
jured,  that  the  fame  weight  fhould  be  (hewn  by  the  graduations 
both  of  the  Ipring  and  of  the  lever  fleelyard.  The  fhaking  of 
the  machinery  will  in  fome  meafure  diflurb  the  effedt ;  but  an 
ingenious  manager  of  the  experiments  will  find  means  of 
checking  this:  and  as  to  the  centrifugal  force  to  which  the 
weight  zv  is  expofed,  it  will  never  be  of  any  material  con- 
fequence  in  any  of  the  flew  motions  which  will  be  produced 
by  this  kind  of  work. 

.  Each  experiment  fhould  occupy  the  fpace  of  a  fair  day's 

work  for  the  horfes :  for  the  eoncluiions  deduced  from 
ihorter  and  irregular  efforts  are  always  erroneous  in  excefs, 
and  fliould  be  guarded  againfl.  The  rate  at  which  the  animals 
move  may  readily  be  afeertained  from  the  known  circumference 
of  the  walk,  and  the  number  of  rounds  they  are  obferved  to 
make  in  10  or  15  minutes.  Thus,  by  continuing  the  experi¬ 
ments  day  after  day,  varying  the  velocity  of  the  motion  in 
fome  cafes,  and  the  radius  of  walk  in  others,  fuch  a  ieries  of 
refults  might  at  length  be  obtained,  as  would  in  a  great 
meafure  remove  the  obfcurity  and  doubt  in  which  this  buiinefs 
is  at  prefent  enveloped.  It  is  fcarcely  neceflary  to  fuggefl: 
the  propriety  of  making  a  few  experiments  with  a  view  of 
determining  how  far  a  load  upon  the  back  of  each  draught 
horfe,  would  aflifl  him  in  his  labour.  Nor  can  it  be  requiflte 
to  point  out  in  what  way,  by  means  of  fuch  fleelyards  properly 
applied  to  waggons,  &c.  upon  tolerably  fmooth  roads,  and 
fwo  horfes  inarching  abreafl,  (one  drawing  the  load,  the  other 
raiding  the  weight,)  experiments  might  be  inflituted  to 
^fpertain  the  magnitude  of  the  efforts  of  horfes  when  drawing 

in 
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in  reXilinear  paths.  Judicious  experiments  having  thefe 

purpofes  in  view,  would  certainly  be  beneficial,  as  they 

would  enable  us  to  tell  what  advantages  might  be  expected 

from  the  labours  of  this  uleful  quadruped  in  dilferenl  circum- 

flances.  But  with  refpeX  to  the  adoption  o t  “  horfe  poicer”  The  adoption  of 
.  .  ....  r  n  .an  arbitrary  unit 

as  a  unit  ol  force  in  efiimatmg  the  power  or  lteam  engines,  the  powe^ 
&c.  I  confefs  that  if  it  were  as  well  known,  and  as  un-  of  an  horfe. 
variable  as  the  length  of  the  day  ol  the  equator,  I  fhould  feel 
an  averfion  to  applying  it  to  any  luch  purpofe.  It  is  a  com¬ 
mon  meafure  arbitrarily  adopted,  which  has  no  neceflary  con¬ 
nexion  with  the  fubjeX  that  is  referred  to  it,  which  does  not 
in  any  refpecf  facilitate  the  computation  of  the  powers  of  an 
engine,  and  which  may,  without  proper  caution,  lead  to 


coofiderable  errors  in  the  conclufions  deduced  from  it. 

Before  I  clofe  this  letter,  already  perhaps  too  long,  I  beg 
permilTion  to  fay  a  few  words  refpeXing  the  meafure  which  is 
generally  employed  to  determine  the  mechanical  efFeX  pro¬ 
duced.  This  is  the  meafure  of  the  defervedly  celebrated 
Mr.  John  Smeaton,  who  fays  that  the  weight  of  a  body 
multiplied  by  the  height  through  which  it  defcends,  while 
driving  a  machine,  is  the  only  proper  meafure  of  the  power 


Smeaton’s 
meafure  of  mir 
chanical  power 
and  effedh  He 
fays  it  is  as  the 
prod  u  61  of  the 
weight  into  the 
height  patted 
through  in 
either  cafe  ; 


expended;  and  that  the  weight  multiplied  by  the  height 
through  which  it  is  uniformly  raifed  is  the  only  proper  meafure 
of  the  effeX  produced.”  Mr.  Smeaton  was  led  to  the  ufe  of 
this  meafure  by  his  profefiional  habits ;  and  many  who  in  this 
refpeX  pay  too  great  a  deference  to  his  authority,  have  adopted 
this  meafure  as  univerfa!  and  preferable  to  any  other.  Taking 
this  as  a  popular  meafure  eafy  to  recolleX,  and  fimple  in  its 
application,  it  undoubtedly  has  its  ufes ;  but  in  many  in^ 
fiances  it  is  inadequate  to  the  purpofe  for  which  it  is  propofed. 

The  late  Profeflbr  Robifon  has  fome  excellent  obfervations  on  re&ified  by 
this  fubjeX,  in  the  article  Machinery ,  Sup.  Encyclopedia  RXtom 
Britan .  where  he  lays  down  the  juft  meafure  to  which  the 
fcientific  inveftigator  will  generally  have  recourfe.  •“  We 
take,  fays  he,  for  the  meafure,  (as  it  is  the  effeX)  of 
exerted  mechanical  power,  the  quantity  of  motion  which 
it  produces  (or  whole  accumulation  it  prevents)  by  its  uniform 
exertion  during  fome  given  time.  We  fay  uniform  exer¬ 
tion  not  becaufe  this  uniformity  is  neceflary,  but  only 
becaufe,  if  any  variation  of  the  exertion  has  taken  place,  it 
piuft  be  known  in  order  to  judge  of  the  power.” 


/ 
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Smeaton’s  mea¬ 
fure  is  nut  ap¬ 
plicable  to  an 
horfe  fa  ftaining 
(but  not  raifing) 
a  weight. 


General  ftate- 
ment. 


A  {ingle  inflance  may  be  adduced,  to  which  the  meafure 
of  Mr.  Smeaton  is  inapplicable,  and  in  which  we  muli  have 
recourfe  to  fome  fuch  meafure  as  that  mentioned  by  ProfefTor 
Robifon.  Suppofe  that  a  horfe  while  landing  ftill  fuftains  by 
means  of  a  rope  and  fimple  fixed  pulley,  a  mals  of  a  hundred¬ 
weight,  and  thus  keeps  it  fufpended  at  the  top  of  a  wrell,  for 
the  fpace  of  a  minute.  Neither  the  animal  nor  the  weight 
moves,  but  (hall  wre  therefore  fay,  in  conformity,  as  it  would 
feem,  with  Mr.  Smeaton’s  meafure,  that  there  is  no  power 
expended,  and  no  effect  produced  ?  On  the  contrary  we  know 
there  is  a  power  expended,  and  that  the  effort  if  fufficiently 
long  continued  would  completely  tire  the  horfe.  The  effect 
which  is  produced  is  the  annihilation  of  the  fimultaneous  a<5tion 
of  gravity  upon  the  fufpended  mafs ;  confequently,  the  effect 
produced  is  equal,  and  contrary  to  the  momentum  that  would 
be  generated  by  gravity  in  the  fpace  of  a  minute.  So  that 
50x32^  x  112=216160,  is  the  proper  reprefentative  of  the 
power  expended,  as  well  as  of  the  work  done.  Were  the 
rope  to  be  cut  and  the  weight  fuffefed  to  fall  for  a  minute, 
the  fame  number  would  likevvife  denote  the  labour  of  the 
horfe  in  reftoring  it  to  its  original  place,  provided  that  could 
be  accomplifhed  in  an  equal  fpace  of  time,  without  the  horfe 
changing  his  fituation. 

It  may  not,  perhaps,  be  entirely  ufelefs  to  {fate  this  matter 
rather  more  univerfally.  To  this  end,  let  M  reprefent  any 
mafs  or  body,  gzz 32 feet,  the  velocity  communicated  to  a 
body  falling  freely  in  the  firft  fecond  of  time,  and  t'  an  inde¬ 
finitely  fmall  portion  of  any  time  whatever  t.  Then  will  g  t' 
be  the  velocity  generated  in  the  inftanl  t',  and  M  g  t'  the  cor- 
refponding  quantity  of  motion  ;  this,  therefore,  meafures  the 
effort  which  muff  be  exerted  at  each  inflant  to  fuflain  the 
weight,  whether  that  effort  be  applied  immediately,  or  through 
the  intervention  of  a  fingle  fixed  pulley.  Hence  it  follows, 
that  during  the  whole  time  t,  the  force  will  have  confumed  a 


quantity  of  motion  equal  to/  M  g  t‘  ~  M  g  t :  that  is  to  fay, 
if  t  denote  the  time  at  the  end  of  wdiich  the  agent  is  no  longer 
able  to  fuflain  the  mafs  M,  we  may  regard  M  g  t  as  being  an 
adequate  meafure  of  the  force  $  of  that  agent.  If  the  agent 
not  only  prevent  the  mafs  from  falling,  but  a61ually  raife  it 
with  a  given  uniform  velocity  V  during  the  whole  time  t, 
then  we  muff  add  the  quantity  oi  motion  MV  to  the  former, 
.  which 
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^  which  gives  ty  =  M  V  x  M  g  t  —  M  (V  Xgt.)  And  Iaftly,  it 
the  agent  potTefs  inertia,  its  mats  mutt  alio  be  confidered. 

Thus,  in  the  cafe  of  a  horfe  whofe  mats  is  H,  moving  along 
with  the  velocity  V  during  the  time  t ,  and  railing  the  mafs 
M,  we  fhall  have  <p  =  (Mx  H)  Vx  Mgf.  And  from  fimilar 
principles  formulas  may  be  invefligated  to  reprefent  the  power 
of  a  firtt  movor  in  more  complicated  cafes. 

It  will  after  all,  be  proper  to  dittinguifh  carefully  between  Power  expended 
.  ,  ,  .  r.  ,.  ,  and  power  ufe- 

the  quantity  ot  power  expended,  and  that  portion  or  it  which  fuiiy  employed 

is  ufefully  employed:  but  a  due  confideration  of  this  would  require  to  be 

too  widely  extend  the  limits  of  the  prefent  communication.  dlftinsuiflied* 

Indeed  I  ought  to  apologize  to  yourlelf,  and  the  fcientific 

part  of  your  readers,  for  dwelling  fo  long  as  I  have  done 

upon  topics  which  are  well  known  to  all  who  are  converlant 

in  the  theory  of  mechanics:  but  if  thofe,  for  whofe  ufe  this 

letter  is  chiefly  intended,  fhall  derive  fome  precife  information, 

or  add  to  the  dock  of  their  pra&ical  knowledge,  by  any  hints 

of  mine,  I  (hall  not  fear  being  heavily  cenfured  for  having 

entered  thus  into  minutiae. 

i  I  am,  Sir, 

Your’s  very  refpe£lfully, 

OLINTHUS  GREGORY. 

Royal  Mil.  Academy,  Woolwich. 

June  10  tk,  1805. 


An  Account  of  fome  Analytical  Experiments  on  a  Mineral 
Production  from  Devonjhire  confijiing  principally  of  Alumine 
and  Water.  By  Humphry  Davy,  Ej'cj.  E.  R.  S.  ProfeJpjr 
of  Chemijiry  ?n  ^ie  Rwja-l  Injlilution.  Erorn  the  Philo j bp  Ideal 
Tranfadtions  in  1805. 


I.  Preliminary  Obfervations . 


JL  HIS  foil'll  was  found  many  years  ago  by  Dr.  Waved,  in  aHiftoryof  a 
quarry  near  Barnftaple:  Mr.  Hatchett,  who  viflted  the  place Folill‘ 
in  1796,  deferibed  it  as  filling  fome  of  the  cavities  and  veins 
in  a  rock  of  foft  argillaceous  fchift.  When  firft  made  known, 

it 
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it  was  confidered  as  a  zeolite;  Mr.  Hatchett,  however,  con¬ 
cluded,  from  its  geological  pofition,  that  it  1110(1  probably  did 
not  belong  to  that  clals  of  (tones  ;  and  Dr.  Babington,  from 
its  phylical  charadters,  and  from  fome  experiments  on  its 
(olutions  in  acids,  made  at  his  requeft  by  Mr.  Stocker,  afcer- 
tained  that  it  was  a  mineral  body,  as  yet  not  described, 
and  that  it  contained  a  confiderable  proportion  of  aluminous 
earth. 

It  is  to  Dr.  Babington  that  I  am  obliged  for  the  opportu¬ 
nity  of  making  a  general  inveftigation  of  its  chemical  nature  ; 
and  that  gentleman  liberally  fupplied  me  with  fpecimens  for 
analyfis, 

II.  Senfible  Characters  of  the  Foffit. 


Its  fenfible  cha¬ 
racters. 

Radiated  hemif- 
pherical  groups  ; 
white,  filky, 
hard,  little  tena¬ 
cious. 


Other  charac¬ 
ters* 


The  mod  common  appearance  of  the  fofiil  is  in  fmall 
hemifpherical  groups  of  cryftals,  compofed  of  a  number  of 
filaments  radiating  from  a  common  center,  and  inferted  on 
the  furface  of  the  (hift  ;  but  in  fome  inftances  it  exifls  as  a 
colledlion  of  irregularly  difpofed  prifms  forming  fmall  veins 
in  the  done:  as  yet,  I  believe,  no  infulated  or  diftinct  crydal 
has  been  found.  Its  colour  is  white,  in  a  few  cafes  with  a 
tinge  of  gray  or  of  green,  and  in  fome  pieces  (apparently 
beginning  to  decompofe)  of  yellow.  Its  ludre  is  (ilky  ;  fome 
of  the  fpecimens  pofifefs  femi-tranfparenc y,  but  in  general  it 
is  nearly  opaque.  Its  texture  is  loofe,  hut  its  fmall  fragments 
polTefs  great  hardnefs,  fo  as  to  fcratch  agate. 

It  produces  no  effedi  on  the  f'mell  when  breathed  upon,  has 
no  lade,  does  not  become  eledtrical  or  phofphorefcent  by  heat 
or  fridtion,  and  does  not  adhere  to  the  tongue  till  after  it  has 
been  drongly  ignited.  It  does  not  decrepitate  before  the  flame 
of  the  blow-pipe;  but  it  lofes  its  hardnefs,  and  becomes 
opaque.  Irj  copfeqvience  of  the  minutenefs  of  the  portions 
which  it  is  found,  few  of  them  exceeding  the  fize  of  a  pea,  it 
is  very  difficult  to  ascertain  its  fpecific  gravity  with  ^ny  pre- 
cifion  ;  but  from  feveral  trials  I  am  difpofed  to  believe,  that 
it  does  not  exceed  2,7 0,  that  of  water  being  confidered 
as  1,00. 


I  IT.  Chemical  Characters  of  the  FoJJil. 


Chemical  habi-  The  perfedlly  white  and  femi-tranfparent  fpecimens  of  (he 
.  ..  foffil  are  foluble  both  in  the  mineral  acids  and  in  fixed  alka- 

and  in  f.  alkalis,  line  lixivia  by  heat,  without  fenfibly  cflervefcing  and  without 

leaving 
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leaving  any  notable  refiduum  ;  but  a  fmall  part  remains  trn- 
dilfolved,  when  coloured  or  opaque  fpecimens  are  ex  poled  to 
the  alkaline  lixivia. 

A  (mail  femi-tranfparent  piece,  afted  on  by  the  highe  ft  Forge  heat  gave 
heat  of  an  excellent  forge,  had  its  cryftallme  texture  deftroy-  not  it# 
ed,  and  was  rendered  opaque;  but  it  did  not  enter  into  fufion*  one  fourth* 
After  the  experiment  it  adhered  ftrongly  to  the  tongue,  and 
was  found  to  have  loti  more  than  a  fourth  ot  its  weight.  W  ater 
and  alcohol,  whether  hot  or  cold,  had  no  effe<51  on  the  foffil. 

When  it  was  a<5ted  on  by  a  heat  ot  from  2I2y  to  600°  Fahren-  It  emitted  water, 
heit  in  a  glafs  tube,  it  gave  out  an  elaftic  vapour,  which  when 
condenfed  appeared  as  a  clear  fluid  pofleffing  a  flight  em- 
pyreumatic  fmell,  but  no  tafte  different  from  that  ot  pure 
water. 

The  folution  of  the  foffil  in  fulphuric  acid,  when  evaporated  Sulphuric  folo- 
fufficiently,  depot! ted  cryftals  which  appeared  in  thin  plates,  phate of  alumine. 
'and  had  all  the  properties  of  fulphate  of  alumine;  and  the 
(olid  matter,  when  rediffolved  and  mixed  with  a  little  carbo¬ 
nate  of  potafh,  flowly  depofited  octahedral  cryflals  of  alum. 

The  folid  matter  precipitated  from  the  folution  of  the  white  Muriatic  folu- 
and  femi-tranfparent  foffil  in  muriatic  acid,  was  in  no  manner  aiuminec»^!4 
a  died  upon  by  folution  of  carbonate  of  ammonia,  and  therefore 
it  could  not  contain  any  glucine  or  ittria  ;  and  its  perfedt 
folubility  without  refiduum  in  alkaline  lixivia  fhewed  that  it 
was  alumine. 

When  the  opaque  varieties  of  the  foffil  were  fully  ex- The  white  va- 
pofed  to  the  agency  of  alkaline  lixivia,  the  refiduum  never 
amounted  to  more  than  one-twentieth  part  of  the  weight  of 
the  whole.  In  the  white  opaque  variety,  it  was  merely  calca¬ 
reous  earth,  for  when  difTolved  in  muriatic  acid,  not  in  excels, 
it  gave  a  white  precipitate  when  mixed  with  folution  of  oxalate 
of  ammonia,  and  did  not  affect  folution  of  pruffiale  ot  potafh 
and  iron. 

In  the  green  opaque  variety,  calcareous  earth  was  indicated  and  the  green, 
by  folution  of  oxalate  of  ammonia  ;  and  it  contained  oxide  of  alfo  maBSancfe  ! 
manganefe ;  for  it  was  not  precipitated  by  folution  ot  ammo¬ 
nia  ;  but  was  rendered  turbid,  and  of  a  gray  colour,  by  folution 
of  pruffiale  of  potafh  and  iron. 

The  refiduum  of  the  alkaline  folution  of  the  yellow  variety,  the  yellow,  a 
when  difiblved  in  muriatic  acid,  produced  a  fmall  quantity  of tracc  of  iron* 
yvbite  folid  matter  when  mixed  with  the  folution  of  the  oxalate 

of 
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Analyfis  of  So 
grains. 

i.  Expofure  to 
kcat. 


Water  came 
over. 

19  grams 


very  (lightly 
acid. 


2.  Solution  of 
the  refidue  in 
fulph.  acid  : 
precipitation  and 
resolution  by 
alkali.  One 
grain  and  a  quar¬ 
ter  of  lime  re¬ 
mained  undif- 
(olved. 

3.  Nitric  acid 
wa<  added  in  cx- 
cefs,  and  then 
carbonate  of  am- 


of  ammonia,  and  gave  a  light  yellow  precipitate  by  expofur£ 
to  ammonia  ;  but  after  this,  when  neutralized,  it  did  not  afled 
pruffiate  of  potafh  and  iron,  fo  that  its  colouring  matter,  as 
there  is  every  real'on  to  believe,  w’as  oxide  of  iron. 

IV.  Analyfis  of  the  Fofiil. 

Eighty  grains  of  the  foffil  confiding  of  the  whited  and  mod 
tranfparent  parts  that  could  be  obtained,  were  introduced  into 
a  fmall  glafs  tube  having  a  bulb  of  fufficient  capacity  to  receive 
them  with  great  eafe.  To  the  end  of  this  tube,  a  tmall  glafs 
globe  attached  to  another  tube,  communicating  with  a  pneuma¬ 
tic  mercurial  apparatus,  was  joined  by  fufion  by  means  of  the 
blow-pipe. 

The  bulb  of  the  tube  was  expofed  to  the  heat  of  an  Argand 
lamp ;  and  the  globe  was  preferved  cool  by  being  placed  in  a 
veflfel  of  cold  water.  In  confequence  of  this  arrangement,  the 
fluid  difengaged  by  the  heat,  became  condenfed,  and  no  eladitf 
matter  could  be  lod.  The  procefs  was  continued  for  half  an 
hour,  when  the  glafs  tube  was  quite  red. 

A  very  minute  portion  only  of  permanently  elaflic  fluid 
pafled  into  the  pneumatic  apparatus,  and  when  examined,  it 
proved  to  be  common  air.  The  quantity  of  clear  fluid  colleded, 
when  poured  into  another  vefiel,  weighed  19  grains,  hut  when 
the  interior  of  the  apparatus  had  been  carefully  wiped  and  dried 
the  whole  Iofs  indicated  was  21  grains.  The  19  grains  of  fluid 
had  a  faint  fmell,  fimilar  to  that  of  burning  peat ;  it  was  tranf¬ 
parent,  and  tafled  like  diftillcd  water :  but  it  flightly  reddened 
litmus  paper.  It  produced  no  cloudinefs  in  folutions  of  muriate 
of  barytes,  of  acetile  lead,  of  nitrate  of  fllver,  or  of  fulphate 
of  iron. 

The  59  grains  of  folid  matter  were  diflolved  in  diluted  ful- 
phuric  acid,  which  left  no  reflduum  ;  and  the  folution  was 
mixed  with  potafh,  in  fufficient  quantity  to  caufe  the  alumine 
at  firfl  precipitated  again  to  diflolve.  What  remained  un- 
diflolved  by  potath,  after  being  collected  and  properly  waffled, 
was  heated  ftrongly  and  weighed  ;  its  quantily  was  a  grain 
and  quarter.  It  was  white,  cauftic  to  the  tafte,  and  had  all 
the  properties  of  lime. 

The  folution  was  mixed  with  nitric  acid  till  it  became  four. 
Solution  of  carbonate  of  ammonia  was  then  poured  into  it  till 
the  effed  of  decompofltion  ceafed.  The  whole  thrown  into  a 

filtrating 
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filtrating  apparatus  left  fqlid  matter,  which  when  carefully  mon>»  The 
wafhed  and  dried  at  the  heat  of  ignition,  weighed  56  grains.  mine>  after  Jgm 
Thev  were  pure  alumine :  hence  the  general  retails  of  the  nition,  was  56 
experiments,  when  calculated  upon,  indicated  for  100  parts  of  b 
tliis  fpecimen. 


Of  alumine  - 

70 

Component 

Of  lime 

1.4 

parts* 

Of  fluid 

26.2 

Lofs 

-  2.4 

The  lofs  I  am  inclined  to  attribute  to  tome  fluid  remaining  The  bfyjp  pears 
in  the  ftone  after  the  procefs  of  diflillation  ;  for  I  have  found,  v00|atXablT 
from  feveral  experiments,  that  a  red  heat  is  not  fufficient  to  matter* 
expel  all  the  matter  capable  of  being  volatilized,  and  that  the 
full  effect  can  only  be  produced  by  a  ftrong  white  heat. 

Fifty  grains  of  a  very  tranfparent  part  of  the  foflil,  by  being 
cxpofed’  in  a  red  heat  for  fifteen  minutes,  loft  13  grains;  but 
when  they  were  heated  to  whitenefs,  the  deficiency  amounted 
to  15  grains,  and  the  cafe  was  fimilar  in  other  trials. 

Different  fpecimens  of  the  foflil  were  examined  with  great  The  mineral^ 
care,  for  the  purpofe  of  afcertaining  whether  any  minute  por-  *ins 
lion  of  fixed  alkali  exifted  in  them  ;  but  no  indications  of  this 
fubfiance  could  be  obferved  ;  the  proceffes  were  conduced 
by  means  of  folution  of  the  unaltered  foflil  in  nitric  acid ;  the 
earths  and  oxides  were  precipitated  from  the  folution  by  being 
boiled  with  carbonate  of  ammonia  ;  and  alter  their  leparation, 
the  fluid  was  evaporated  to  drynefs,  and  the  nitrate  of  ammonia 
decompofed  by  heat,  when  no  refiduum  occurred. 

A  comparative  analyfis  of  30  grains  of  a  very  pellucid  fpeci-  Other  analyfes. 
men  was  made  by  folution  in  lixivium  of  potafh.  This  fpeci¬ 
men  loft  S  grains  by  long-continued  ignition,  after  which  it 
eafily  diffolved  in  the  lixivium  by  heat,  leaving  a  refiduum  of 
a  quarter  of  a  grain  only,  which  was  red  oxide  of  iron.  The 
precipitate  from  the  folution  of  potafh,  made  by  means  of 
muriate  of  ammonia,  weighed,  when  properly  treated,  21 
grains.  1 

Several  fpecimens  were  diftilied  in  the  manner  above  de- 
fcribed,  and  in  all  cafes  the  water  colle&ed  had  fimilar  proper¬ 
ties.  The  only  teft  by  which  the  prefence  of  acid  matter  in 
it  could  be  dete&ed,  was  litmus  paper;  and  in  fome  cafes  the 
effect  upon  thisfubftance  was  barely  perceptible. 

Y.  General 
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mr.  davy’s  experiments. 


xk  fulph. 


It  is  foreign  to 
the  ftonc. 


ATuminft  has  an 
affinity  for 
water* 


V.  General  Obfervations. 

The  acid  matter  I  have  made  feveral  experiments  with  the  hope  of  afeer- 

m  the  water  was  taining  the  nature  of  the  acid  matter  in  the  water ;  but  from 
not  nitric,  mur. 

the  impolhbilily  ot  procuring  any  confiderable  quantity  of  the 
foffil,  they  have  been  wholly  unfuccefsful.  It  is,  however,* 
evident,  from  the  experiments  already  detailed,  that  it  is  not 
one  of  the  known  mineral  acids. 

I  am  difpofed  to  believe,  from  the  minutenefs  of  its  propor¬ 
tion,  and  from  the  difference  of  this  proportion  in  different 
cafes,  that  it  is  not  effential  to  the  competition  of  the  ftone  ; 
and  that,  as  well  as  the  oxide  of  inanganefe,  that  of  ironf 
and  the  lime  it  is  only  an  accidental  ingredient,  and  on  this 
idea  the  pure  matter  of  the  folTil  mud  be  confidered  as  a  che¬ 
mical  combination  of  about  thirty  “parts  of  “Mater  and  j event y  of 
aluminc . 

The  experiments  of  M.  Theodore  de  Sauffure  on  the  pre¬ 
cipitation  *  of  alumine  from  its  folutions,  have  demonffrated 
the  affinity  of  this  body  for  water ;  but  as  )et  I  believe  no 
aluminous  flone,  except  that  which  I  have  juft  delcribed,  has 
been  found,  containing  fo  large  a  proportion  of  water,  as 
thirty  parts  in  the  hundred. 

Diafpore  ex  im.  The  dia^pore,  which  lias  been  examined  by  M.  VauqueJIn, 

contain ' S o  aUi -  anc^  ^°^es  fifteen  or  fevenleen  parts  in  the  hundred  bv 

mine  and  16  ignition,  and  which  contains  nearly  eighty  of  alumine,  and  only 
three  ot  oxide  of  iron,  is  fuppofed  by  that  excellent  chemift  to 
be  a  compound  of  alumine  and  water.  Its  phyfical  and  che¬ 
mical  characters  differ  however  very  much  from  thofe  of  the 
new  1'offii,  and  other  refearches  are  wanting  to  afeertain  whe¬ 
ther  the  pari  of  it  volatilized  by  heat  is  of  the  fame  kind. 

I  have  examined  a  foffil  from  near  St.  Aufile,  in  Cornwall, 
very  fimilar  to  the  foffjl  from  Barnftaple  in  all  its  genet al  die* 
mical  chambers ;  and  I  have  been  informed,  that  an  anal)  (is 
of  it,  made  by  the  Rev.  William  Gregor  fome  months  fince, 
proves  that  it  confiffs  of  fimilar  ingredients. 

Propofed  names,  Dr.  Babinglon  has  propofed  to  call  the  foffil  from  Devon- 
ffiire  Wavellite ,  from  Dr.  Wavell,  the  gentleman  who  difeovered 
it;  but  if  a  name  founded  upon  its  chemical  compofftion  be 
preferred,  it  may  be  denominated  IJydrargiltilc,  from  Lb* 
water,  and  a^yiXAo?  clay. 


water. 


Cornifh  mineral 
refembling  the 
fubjedl  of  this 
paper. 


*  Journal  de  Phyffque,  Tom.  LIT.  p.  280. 
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III. 

On  the  Aberrations  of  Light  pafling  through  Lenfes.  By  Mt, 

Ezekiel  Walker. 

rjTYlE  difcovery  of  the  aberration  of  the  rays  of  light,  caufed  Newton’s  dif- 
by  their  unequal  refrangibility,  formed  a  new  area  in  the  fci-  aberrations  of 
ence  of  optics.  It  is  the  foundation  of  all  Sir  Jfaac  Newton’s  coloured  rays, 
difcoveries  in  light  and  colours ;  and  alfo  the  foundation  of 
moft  of  the  ufeful  improvements  in  the  conftru<5tion  of  optical 
inftruments,  that  have  done  fo  much  honour  to  our  country ~ 

And  this  fcience  may  ftill  derive  further  improvements  from 
the  fame  difcoverv,  not  only  in  the  conftruclion  of  inftruments, 
but  alfo  in  explaining  fome  curious  phenomena  in  nature. 

But  before  I  attempt  to  fhow  how  the  ufe  of  this  property 
of  vifion  may  be  extended,  it  feems  neceftary  to  give  a  fliort 
account  of  that  kind  of  aberration  which  arifes  from  the  un¬ 
equal  refrangibility  of  the  differently  coloured  rays  of  light : 
the  other  aberration,  or  that  which  is  caufed  by  the  fpherical 
figure  of  the  lens,  is  not  here  confidered  as  being  inconftdei- 
able  when  compared  with  the  former. 

Therefore  let  A  C  B,  Fig.  2,  Plate  X.  reprefent  a  piano-  Aberration  of 

convex  lens ;  P  A  and  R  B  two  pencils  of  white  or  compound  Ihrough  aPlcns! 
ravs  of  light,  falling  upon  it  at  the  points  A  and  B  in  a  direc¬ 
tion  paialle!  to  its  axis.  Alio  let  A  xv  and  B yv  be  the  red 
or  leaft  refrangible  rays,  and  A  gy  and  B  q  x  the  violet,  or  moft 
refrangible.  The  red  ray  from  A  will  cut  the  violet  ray  from 
B  at  the  point  x,  and  the  red  ray  from  B  will  cut  the  violet  ray 
from  A  at  the  point  y;  through  thefe  interfcflions  draw  the 
line  x y,  and  this  line  will  be  the  diameter  of  the  leaft  circular 
fpace  into  which  all  the  rays  that  fall  upon  the  lens,  parallel 
to  its  axis,  can  be  colleded.  And  this  circle,  which  for  bre- 

I  •  •  ' 

vity's  fake  is  called  the  circle  of  aberration,  is  the  true  focus 
of  the  lens  or  place  where  the  image  of  the  object  is  formed. 

Let  the  fine  of  incidence  going  out  of  glafs  be  n,  the  fines 
of  refra&ion  (into  air)  of  the  leaft  and  the  moft  refrangible 
rays  be  p  and  q  ;  then  if  a  plano-convex  lens  be  expofed  with 
the  plane  fide  to  the  fun,  the  diameter  of  the  circle  of  aber¬ 
ration  xy  (or  image  of  the  fun  formed  of  rays  of  different  re* 
frangibility)  is  to  the  diameter  of  the  lens  A  B,  as  q—p  to 
cj  x  p—  2/z.* 

*  This  theorem  is  well  known  to  mathematicians. 
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From  this  given  ratio  of  A  B  to  xy  it  follows,  that  the 
image  of  the  fun  within  a  telefcope  varies  with  the  aperture 
of  (he  obje6t  glafs. 

Sir  Ifaac  Newton  found  by  mod  accurate  experiments  that 
where  the  fine  of  incidence  was  50,  the  fines  of  refraftion  of 
the  red  and  the  violet  rays  were  77  and  78.  Hence  q  —  p  is  to* 
q-\-p—2n  as  1  to  55.  And  therefore  A  B  :  xy  :  :  55  :  1 ;  or 
A  B 

v  _  -  _ • 


To  elucidate  this  theorem  by  examples,  let  the  diameter  of 
the  objc£t  glafs  of  a  telefcope,  which  is  4  inches,  be  con¬ 
tracted  to  3  inches,  and  afterwards  to  2;  “hen  the  diameters 
of  the  circles  by  aberration  formed  by  parallel  rays,  will  be 
54s-  =  .072,  3^-  =  ,054,  and  =  .036  refpectively* 


Deduction  $ 


•—applied  in 
Xupport  of  the 
author’s  experi¬ 
ments. 


The  fame  Property  of  Vifion  demonjlrated  othenvi/e. 

Thus,  let  n  reprefentthe  fine  of  incidence,  andp  and  q  the 
fines  of  refraction,  as  before. 

The  fine  of  incidence  of  every  ray,  is  to  its  line  of  refrac¬ 
tion  in  a  given  ratio.* 

And  the  line  of  incidence  of  the  extreme  ray  PA,  varies 
with  the  aperture  of  the  lens.  For  n  becomes  lefs  as  P  A  ap¬ 
proaches  the  axis  of  the  lens  E  v. 

Therefore  the  fines  of  refraction  p  and  q ,  the  angle  x  Ay, 
and  its  fubtenfe  xy  increafe  or  decreafe  with  A  B.  Confe- 
quently  the  image  of  the  fun  or  moon,  upon  the  retina  in- 
creafes  ©r  decreafes  in  magnitude  with  the  pupil  of  the  eye. 

Now  as  the  rays  of  artificial  light  are  differently  refrangi¬ 
ble,  it  is  evident  from  the  given  ratio  of  A  B  to  xy,  in  which 
they  increafe  or  decreafe  at  (he  fame  time  that  the  image  of  a 
candle  formed  in  the  focus  of  a  convex  lens  decreafes  w7ith 
the  aperture  of  the  glafs.  For  the  rays  of  the  fun  and  the 
light  of  a  candle  are  both  governed  by  the  fame  law,  in  the 
formation  of  images  in  the  focus  of  a  lens;  but  this  law  does 
not  obtain  in  the  fame  degree  in  both  objefts,  in  confequence 
of  the  rays  of  the  latter  being  in  a  more  diverging  hate  thaii 
thofe  of  the  former. 

Hence  the  truth  of  the  refult  of  my  experiments,  which 
were  publilhed  in  Vol.  IX.  page  164  of  this  Journal,  is  proved 
from  the  difeoveries  of  Sir  Ifaac  Newton. 


*  Newton’s  Optics,  page  64. 

4 


•.  -  What 


DECOMPOSING  THE  SULPHATE  OF  BARYTES. 


What  I  have  further  to  advance  on  this  fubjedt  muff  be  re- 
ferved  until  fome  future  opportunity,  as  it  would  exceed  the 
limits  of  this  paper. 

E.  WALKER. 

Lynn ,  May  16,  1S05. 
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IV. 

Neiu  Method,  of  decortipofmg  the  Sulphate  of  Barytes  for  pre¬ 
paring  the  Muriate  of  that  Earth,  and  Preparation  of  the 
Muriate.  By  Mr.  Goettling.* 

T‘  ' 

HE  muriate  of  barytes  is  now  in  fuch  general  ufe,  that  Muriate  of  bi- 

every  improvement  in  the  mode  of  preparing  it  mud  meet  a  r>tes  mucfl 

favourable  reception.  This  will  render  the  new  method  of 

Mr.  Goettling  acceptable  to  the  public. 

The  decompofition  of  fulphate  of  barytes  by  means  of  char-  E)ecompofition 

coal  requires  a  ftrong  fire  continued  along  time,  and  never  lalPhateof 

1  D  °  barytes  by  char- 

fucceeds  completely.  This  is  owing  on  the  one  hand  to  the  Coal  troublcfome 

ftrongly  oxigenated  quality  of  the  acidifying  principle  in  the  anci  incomplete* 

fulphuric  acid,  fo  that  in  its  tranfiation  to  the  charcoal  it  gives 

out  but  little  caloric;  and  on  the  other  hand  to  the  difficulty 

of  imparting  a  certain  degree  of  heat  to  a  mixture,  into  which 

a  large  quantity  of  a  body  that  is  fo  bad  a  con du 61  or  of  heat  as 

charcoal  enters.  To  remedy  the  fir  ft  of  thefe  defers,  I  had  Remedies: 

already  propofed  to  increafe  the  proportion  of  charcoal  a  little,  ^harcoaT'and 

and  to  incorporate  with  the  mixture  of  charcoal  and  fulphate  nitrate  of  potafh; 

of  barytes  a  twentieth  of  nitrate  of  potafti.  To  remedy  the 

fecond,  Mr.  Goettling  advifes  to  add  muriate  of  foda  to  the — and  muriate 

mixture,  which  ferves  at  the  fame  time  as  a  condu61or  of  heator  loda* 

and  a  flux.  The  following  is  his  method.  > 

Four  parts  of  native  fulphate  of  barytes  in  fine  powder  are  Mr.  Goettling’s 

to  be  mixed  with  one  part  of  muriate  of  foda  and  half  a  part£r°cf^s’ 

‘  .  .  :  Sulphate  of 

of  charcoal  powder,  lhis  mixture  is  to  be  pretied  hard  into  barytes  ‘with 

a  Heftian  crucible,  and  expofed  for  an  hour  and  half  to  a  red  murlate  of  loda 

beat  in  a  good  wind  furnace.  After  it  has  grown  cold,  thecal  arTheate i 

together. 

*  Tranflated  from  Van  Mons’s  Journal  de  Chimie>  Vol.  VI. 
p.  80.  Originally  publiffied  in  the  Lafchen-Buch  fuer  Scheidekuen- 

fhr. 
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The  (aline  mafs  ma^s  is  (°  reduced  to  a  coarfe  powder,  and  boiled  for  a 


is  then  to  be 
diffblved. 


An  addition  sf 
muriatic  acid 
expels  the  ful- 
phureous  acid 


moment  with  fixteen  parts  of  water.  The  liquor  is  then  to  oe 
filtered,  and  kept  in  well  flopped  bottles. 

The  time  of  expofure  to  heat  inay  be  fhortened  to  one  half, 
if  the  quantity  of  muriate  of  foda  be  doubled,  and  the  matter 
occaiionally  flirred.  In  this  cafe  too,  double  the  quantity  ol 
water  (lion Id  be  ufed  to  lixiviate  the  mafs. 

To  prepare  muriate  of  barytes  with  this  lixivium  of  fulphu- 
ret  of  barytes,  which  at  the  fame  time  holds  in  folulion  muri¬ 
ate  of  foda,  muriatic  acid  is  to  be  added  in  feparate  portions, 
and  leaves  muri-  tj|j  ffdphurated  hidrogen  gas  is  no  longer  extricated.  The  li- 
and  of  foda.  ^  quor  is  then  to  be  filtered,  a  little  hot  water  is  to  be  poured 
on  the  refiduum,  and  the  liquor  is  to  be  evaporated  to  a  pel¬ 
licle.  The  lixivium  being  then  filtered  afrefli,  is  to  be  fet  to 
Thefecryrtais  cryftallize;  the  muriate  of  foda,  which  is  much  more  foluble 
Of  muriate  of  ;n  wa(er  than  the  muriate  of  barytes,  and  not  more  foluble 

barytes  are  lepa-  .  . 

rated  by  cooling  with  heat  than  without,  is  not  depofited  by  cooling,  and  the 

afier  evaporation.  mLirjaje  0f  barytes  cryflallizes  alone. 

The  remaining  lixivium  is  to  be  evaporated  and  fet  to  cry¬ 
ftallize  again,  and  this  is  to  be  repeated  till  no  more  cryflals 
of  muriate  of  barytes  are  formed. 

The  birytic  fait  The  barvtic  (alt  thus  obtained,  if  care  be  taken  not  to  em- 

ispertedfy  white  j  excefs  of  muriatic  acid,  is  perfedly  white,  on  ac- 

3jiu  pure.  r  .  ,  , 

count  of  the  hydrofulphuret,  by  which  the  iron  and  other  me¬ 
tallic  fubftances  are  precipitated.  To  be  more  certain  that  it 
contains  no  muriate  of  foda,  the  different  produ6ts  of  the  cry- 
ffallization  ihould  be  mixed  together,  diffolved,  and  re-cry- 
ff  alii  zed. 


V. 

% 

.  On  the  Action  of  P latino,  and  Mercury  upon  each  other.  By 
Richard  Chenevix,  Esq.  F.  R .  S.  M.  R.  /.  A,  fyc.  From 
the  P/dlofophical  Tranjaft  ions  for  1805,  p.  1 04-. 

Freyberg,  June  3d,  1804>. 

Reference  to  the  On  the  12 ill  of  May,  1803,  I  had  the  honour  of  prefentlng 
author’s  paper  a  pa^er  to  the  Royal  Society,*  the  objedl  of  which  was  to  dif- 
on  pallium.  nature  of  palladium,  a  fubtfance  juft  then  announced 


*  Inferled  in  our  Tournal,  Vol.  VII.  85,  176, 


to 


ACTION  OF  PLATINA  AND  MERCURY. 


163 


to  the  public  as  a  new  fimple  metal.  The  experiments  which  I 
had  made  for  this  purpofe  led  me  to  conclude  that  palladium 
was  not  what  it  had  been  ftated  to  be,  but  that  it  was  a  com¬ 
pound  of  platina  and  mercury. 

It  was  natural  to  fuppofe  that  a  fubjecl  fo  likely  to  fpread  Attempts  to 
its  influence  throughout  the  whole  domain  of  chemiftry,  and  rePfathisex- 
which  tended  even  to  the  fubverfion  of  fome  of  its  elements,  been  unfuccefs- 
would  awaken  the  attention  of  philofophers.  We  find  accord-  ^uh 
ingly,  that  it  has  become  a  fubjedt  of  enquiry  in  England, 

France,  and  Germany;  but  the  experiments  which  I  had  re- 
commended  as  the  leafl:  likely  to  fail,  have  been  found  infuf- 
ficient  to  infure  the  principal  refult;  and  I  have  had  the 
mortification  to  learn  that  they  have  been  generally  unfue- 
cefsful.  I  have  even  reafon  to  believe  that  the  nature  of 

s 

palladium  is  fiill  confidered  by  cheraifts,  at  lead  with  a  very- 
few  exceptions,  as  unafeertained;  and  that  the  fixation  of 
mercury  by  platina  is  by  many  regarded  as  vifionary. 

The  firft  doubts  were  manifefied  in  England;  and  Dr.  Dr.  Wollafton 

Wollafton  very  early  denied  the  accuracy  of  my  inquiries,  denies  t^eir  ac" 
■o  11  ,  .  J  n  curacy,  but  has 

Tut  as  he  has  not  pubhtned  his  experiments,  I  have  had  no  not  yet  publifhed 
opportunity  of  difeufling  them.  His  opinion,  however,  mud  his  ?wn* 
have  fuch  weight  in  the  learned  world,  that  I  fliould  have 
neglected  a  material  fadt  in  the  hiflory  of  palladium,  if  I  had 
not  mentioned  it  in  this  place. 

In  France  the  compound  nature  of  palladium  has  been  more  Guyton,  in 
generally  credited.  When  the  National  Infiitute  was  informed 
of  my  experiments,  a  report  was  ordered  to  be  made  upon  author, 
them,  and  M.  Guyton  was  the  perfon  appointed  for  the 
purpofe.  He  repeated  fome  of  the  experiments,  and  produced 
fome  of  his  refults.  His  general  conclufion  was  the  fame  as 
mine. 

Meflrs.  Vauqnelin  and  Fourcroy  then  undertook  the  fub-  Vauquelin  and 
jedt,  and  they  were  led  by  it  to  the  confirmation  of  the  recent  Fourc,°y» 
difeovery  of  Monf.  Delcotils.  The  exigence  of  a  new  metal, 
which  that  chemift  had  found  in  crude  platina,  received  great 
fandtion  from  their  experiments;  and  thus  the  difeuflion  upon 
palladium  has  eflablifhed  a  fadt  which  will  be  confidered  as 
interefting,  but  which  would  be  much  more  fo,  were  we  not 
already  overburthened  with  fubfiances  which  our  prefent  igno¬ 
rance  obliges  us  to  acknowlege  as  fimple. 

M2 
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—infer  that  pal-  No  fooner  were  thefe  celebrated  chemifts  convinced  of  the 
iadium  contains  exigence  of  a  new  metal  in  platina,  than  they  concluded  that 

is  platina  with  it-  mud  play  a  principal  part  in  the  compofition  of  palladium, 
the  new  metal  of  shortly  aft«r  this,  in  a  note  to  a  letter  from  M.  Proud  to  M. 

Vauquelin,  in  which  M.  Proud  exprefles  his  adonifliment 
concerning  all  he  has  read  upon  palladium,  Me(T.  fourcroy 
and  Vauquelin  further  declare,  as  their  opinion,  that  this  com¬ 
pound  metal  does  not  contain  mercury,  but  is  formed  of  platina 
and  the  new  metal.  Whether  this  new  fubdance  does  or  does 
not  play  a  principal  partin  the  formation  of  palladium,  could 
not  be  ascertained  at  the  time  my  experiments  were  made, 
becaule  the  new  metal  itfelf  was  not  then  known.  Hut  Irom 
all  that  MeflT.  Fourcroy  and  Vauquelin  have  dated,  in  iucb  of 
their  different  memoirs  upon  this  fubjeft  as  I  have  feen,>  the 
grounds  of  their  fuppofition  have  not  appeared.  May  we  not 
refer  their  opinion,  then,  to  that  common  propenfity  of  the 
mind,  againft  which  M.  Fourcroy  has  himfelf  warned  us  with 
equal  juftnefs  and  eloquence  on  another  occafion,  namely, 
a  pronenefs  to  be  allured  by  novelty  beyond  the  bounds  of 
rational  belief,  and  to  convert  principles  which  are  new  into 
principles  of  univerfal  influence. 

MelT.  Rofe  and  Gehlen*  were  the  fird  among  the  German 
chemids  who  indituted  experiments  upon  palladium  ;  and  M. 
Richter  has  alfo  publifned  a  paper  on  the  fame  lubjeft. 

The  fird  attempt  of  MeflT.  Rofe  and  Gehlen  to  form  pal- 
without  fuccefs  ladium  was  by  the  precipitation  of  a  mixed  folution  of  platina 
dTumTyPpr^cipi-  anci  mercury  by  green  fulpbale  of  iron.  Their  rcfult  was  pre* 
taring  a  mixed  cifely  that  which  I  had  obferved  when  my  operations  failed 

folution  of  p !a-  a](oo.ethur  and  which  of  courfe  was  the  mod  frequent.  This 
tiiia  and  mercury  &  ,  rr^.  r  .  .  .  .  , 

by  gr.  fuiphate  method  was  repeated  twice.  The  lecond  time  the  precipitate 

of  iron  5  0f  p|3t[na  and  mercury  was  boiled  with  muriatic  acid,  in  order 

to  free  it  from  iron  ;  but  the  latter  trial  was  not  more  fuccefs- 

ful  than  the  former. 

—and  alfo  by  Their  third  experiment  was,  what  they  have  called,  a  repe- 
pafling  fulphu-  tition  of  that  in  which  I  had  obtained  palladium  by  pafling  a 
current  of  fulphuretted  hydrogen  gas  through  a  mixed  folution 
mixed  lolution ;  0f  platina  and  mercury.  Their  method  was  the  following. 

*  Neues  Algcmeines  Journal  der  Chemie  heraufgegeben  von 
Hermftadt,  Klaproth,  Richter,  Scherer,  Tromfdorff,  und  Gehlen. 
Erften  bandes  funftes  heft. 

I  They 


iAe.fT.  Role  and 
Gehlen, 


-attempted 
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They  diflblved  one  hundred  and  fifty  grains  of  platina  with  by  adding  hydro- 
four  hundred  and  fifty  of  mercury,  and  added  a  lolution  of  ^ 
hydrofulphuret  of  potafh.  They  obtained  a  precipitate  which,  tion  ; 
at  fiiff,  was  black,  afterwards  gray;  but  the  whole  became 
black  by  being  (tirred.  To  be  certain  that  all  the  metal  was 
precipitated,  they  added  an  excefs  of  fulphuret  of  potafli,  and 
perceived  that  a  part  of  the  precipitate  was  re-diflolved.  The 
liquor  was  then  filtered,  and  to  that  part  of  it,  which  contained 
the  re-diffolved  precipitate,  an  acid  was  added.  From  this  pro-  — but  they  ob- 
cefs  they  obtained  a  yellow*  precipitate  weighing  ninety-one  no 
grains;  and  fifty  grains  of  this  expofed  to  a  Itrong  heat,  left 
three-eights  of  a  grain  of  platina.  They  obtained  no  palla¬ 
dium  from  that  part  of  the  precipitate  which  had  not  been 
re-diflolved;  and  the  refult  of  the  experiment  was  complete 
failure. 

I  fhall  not  make  any  obfervation  upon  the  iflue  of  this 
procefs,  fince,  in  this  <!:afe,  the  beft  conducted  is  but  too  liable 
to  be  unfuccefsful,  and  that  without  any  apparent  fault  in  the 
operator.  But  as  it  has  been  given  as  a  repetition  of  one  of 
mine,  it  may  not  be  fruitlefs  to  examine  how  far  the  repetition 
was  exacl. 

I  had  palled  a  current  of  fulphuretted  hydrogen  gas  through  They  did  not 
a  mixed  folulion  of  platina  and  mercury,  by  which  means  they  the^uthor^ex* 
were  precipitated  together.  My  object  was  fo  intimately  to  periment.  He 
combine  fulpbur  with  thefe  metals,  that  when  expofed  to  heat, 
they  might  (if  I  may  be  allowed  the  exprellion)  be  in  chemical  an  alkali; 
contact  with  it  at  the  moment  of  their  nafcent  metallic  fiate  ; 
and  as  a  low  temperature  fuffices,  as  well  to  reduce  thole 
metals,  as  to  combine  palladium  with  fulphur,  l  hoped  that 
thofe  eflefts  might  be  produced  before  the  total  diflipation  of 
the  mercury.  Flow  far  my  expectation  was  fulfilled  has  been 
Bated  in  my  former  paper. 

The  fulphuretted  hydrogen  gas  which  Meffrs,  Rofe  and  — and  this  ^ 
Gehlen  prelented  to  thole  metals  was  combined  with  potafh.  ont^on**^ 
Now,  in  the  courfe  of  docirnaftic  lectures  annually  delivered  mercury; 
by  M.  Vauquelin  at  the  Ecole  des  Mines  in  Paris,  when  he  was 
Profeflbr  at  that  eflablilhmenl,  it  was  his  conltant  cuftom  to 
exhibit  an  experiment  to  prove  that  mercury,  precipitated  from 
its  folution  by  many  of  the  alkaline  and  earthy  hydrofulphurets* 
was  redilfolved  by  adding  an  excels  of  them,  / 


It 


They  could  not 
fufe  platina. 
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•— but  on  the  It  is  moreover  well  known,  that  there  is  a  ftrong  affinity 

plauna  j  between  potafii  and  the  oxide  of  platina,  and  alto  that  when 

thofe  fubfiances  are  brought  together  in  lolution,  a  triple  fait, 
but  little  foluble,  is  the  refult.  It  was  to  avoid  thefe  difficulties 
that  I  had  employed  uncombined  fulphuretted  hidrogen  gas;  for 
the  method  adopted  by  MefT.  Rofe  and  Gehlen  appearing  to  me 
to  be  the  application  of  two  divellent  forces,  I  prefumed  that  it 
would  produce  a  feparation.  The  refult  of  their  experiment, 
which,  it  appears  from  their  paper,  they  had  not  anticipated, 
— would  have  an  flv-ws  the  neceffity  of  the  precaution  I  had  ufed.  The  opera- 
pofi^e  -o^hat of  l*on  which  tliey  performed  to  unite  platina  and  mercury  was, 
the  juthor’s  in  faff,  nearly  the  reverfe  of  that  which  they  fuppofed  they 
procefs.  bad  repeated  from  me,  and  might  have  been  applied  perhaps 

with  a  better  profpeci  of  fuccefs  towards  the  decompofition  of 
palladium. 

Meff.  Rofe  and  Gehlen  feem,  in  many  parts  of  their  paper, 
to  queftion  my  having  fufed  platina  ;  and  inform  us  that  al¬ 
though  they  had  expofed  this  metal  in  the  furnace  of  the  Royal 
Porcelain  Manufactory  of  Berlin,  in  which  Wedgewood’s  py¬ 
rometer  ceafed  to  mark  the  degree  of  heat,  they  could  not 
accomplifh  its  fufion.  Many  of  my  friends  in  England  have 
however  feen  the  buttons  which  1  obtained,  and  which  were 
The  author  ufed  not  few  in  number.  The  flux  which  I  had  u(ed  was  borax, 
borax.  But  no  men(ion  js  made  in  any  one  of  the  operations  of  Meff. 

Rofe  and  Gehlen  of  borax  having  been  employed. 

in  many  of  their  attempts  they  obtained  an  irregular  and 
porous  mafs,  which  of  courfe  was  of  a  fpecific  gravity  much  in¬ 
ferior  to  that  of  platina ;  and  it  might  be  inferred  from  their  paper 
that  the  diminution  of  fpecific  gravity,  which  I  had  obferved, 
was  owing  to  the  fame  caufe.  It  is  true,  not  only  that  I  had 
very  often  obtained  fuch  a  mafs,  but  that  I  had  frequently  alfo 
obferved  no  diminution  whatfoever  in  the  fpecific  gravity  of 
the  button  which  refulted  from  my  operations.  But  all  thofe 
upon  which  I  had  founded  the  conclufions  alluded  to  by  Meff. 
Rofe  and  Gehlen  were  performed  in  the  following  manner, 
A  Heflinn  cru-  and  have  been  repeated  fince,  A  Heffian  crucible  was  filled 
c  ble  was  br.ed  with  lamp-black,  and  the  contents  prefTed  hard  together.  The 
\wui  lamp  vvas  (hen  hollowed  out  to  the  ffiape  of  the  crucible 

as  far  as  one-third  from  the  bottom,  leaving  that  much  filled 
with  the  comprefled  materials ;  this  lining,  which  adhered 
ftrongly  to  the  fides  of  the  crucible,  was  made  extremely  thin. 


Particular  ac 
count  of  his 
procefs. 
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in  order  not  to  obfiruct  the  palTage  of  caloric.  A  cylindrical-^  fmall^)!  n- 
piece  of  wood,  as  a  pencil,  was  then  forced  into  the  centre  ot  ma(je  in  tjie 
the  thick  mats  of  lamp-black  at  the  bottom,  and  the  diameter  lower  part  of  the 
of  this  rod  was  determined  by  the  quantity  of  metal  to  be''1*1 
iu fed,  or  varied  according  to  other  circum dances  at  pieafure. 

In  general  the  axis  ot  the  cylindrical  hole  was  about  three  or 
tour  limes  the  diameter  ot  the  balls.  After  withdrawing  tne 
rod  the  crucible  was  about  halt  filled  with  borax.  Upon  this 
vvas  placed  the  metal  to  be  fufed  $  and  if  it  had  been  before ^  0f  a  maf>  of 
melted  into  a  cylindrical  form,  the  axis  of  the  metallic  cylinderborax  that  tilled 
was  placed  horizontally,  and  was  ot  courle  perpendicular  to^  veffel . 
the  axis  of  the  cylindrical  excavation  at  the  bottom  of  the 
crucible.  More  borax  was  then  added  to  cover  the  piece  ot 
metal,  and  another  quantity  of  lamp-black  wras  preffed  hard 
over  the  whole  in  order  to  keep  it  tight  together.  An  earthen 
cover  was  finally  luted  to  the  crucible,  and  in  this  fiate  it  was 
expofed  to  heat  in  a  forge,  in  which  upon  another  occafion,  I 
had,  in  the  prefence  of  MefT.  Hatchett,  Howard,  Davy,  and 
others,  completely  melted  a  Hefiian  crucible  lined  and  pre¬ 
pared  in  the  fame  manner.  1  he  fuel  which  I  ufed  was  the—  ftrong heat 
patent  coak  of  MetT.  Davey  and  Sawyer.  In  the  prefent  ex-v,as 3iphtd > 
periments  I  moderated  the  heat  fo  as  not  materially  to  injure 
the  crucible,  and  upon  taking  it  out  of  the  fire,  the  lining  was 
generally  found  fo  compact  and  fo  firm  that  it  remained  in  a 
lolid  mafs  after  the  crucible  was  broken.  When  the  metallic  and  when ^the 

cylinder  occupied  the  fpace  at  the  bottom,  it  w  as  natural  to  dimCufions  and 
iuppofe  that  it  had  been  fufed;  becaufe  in  no  other  fiate  but  occupied  the  cy* 
that  of  liquidity  could  it  have  run  into  the  mould.  In  order 
however  to  prevent  all  objections  I  had  the  precaution  to  make  been  fufed. 
the  hole  of  a  different  diameter  from  the  metallic  cylinder, 
and  to  obferve  whether  the  neceffary  change  in  the  fiiape  of 
the  latter  enfued.  If  after  fuch  a  (eft,  repeated  as  often  a* 
required,  I  perceived  that  the  metal  did  not  vary  in  its  fpecific 
gravity,  I  thought  myfelf  authorifed  to  conclude  that  it  was 
exempt  from  air. 

M.  Richter  fays  that  he  had  hoped  to  have  put  himfelf  in  M.  Richter’s 
.pofleflion  of  a  confiderable  piece  of  palladium  by  repealing 
with  minute  accuracy  the  procefs  which  I  had  recommended 
as  the  befi.  He  precipitated  a  mixed  folution  of  platina  and 
mercury  by  a  folution  of  green  fulphate  of  iron;  and  after 
varying  the  fubfequent  operations,  to  which  he  fubmitted  the 

product 
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Attempts  of 
Tromfdorff  and 
Klaproth  :  not 
fnccefsful. 


Remarks.  The 
chem'tts  who 
exp  >6led  to  (uc- 
ceed  in  a  few 
trials,  could  not 
have  attended  to 
the  author’s 
paper : 


He  made  many 
^hundreds  of  ex- 
)>eiim?nts,  and 
fucc. reded  ccm- 
picre.y  l>ut  four 
time:. 


product  lie  had  obtained  by  this  method,  he  was  led  to  the 
following  important  conclufions  amongft  others  of  lefs  confe- 
quence.  1  ft.  That  two  metals,  the  feparate  (olutions  of  which 
are  not  afled  upon  by  a  third  body,  may  be  adled  upon,  and 
even  reduced  to  the  metallic  (late,  by  that  fame  body  when 
prefented  to  them  in  one  and  the  fame  folution. 

2dly.  That  mercury  is  capable  of  entering  into  combination 
with  platina  fo,  that  it  cannot  afterwards  be  Separated  by  fire. 
From  the  firft  of  thefe  conclufions  it  is  evident,  that  metals  in 
their  metallic  (late  are  not  incapable  of  chemical  action  upon 
each  other  ;  and  from  the  fecond,  that  mercury  can  be  fixed 
(it  is  purpofely  that  I  ufe  the  alchemical  expreflion)  by 
platina. 

In  addition  to  the  chemifts  abovementioned,  I  mud  name 
two  more  who  in  Germany  have  been  occupied  by  palladium. 
M.  TromfdorfF,  in  a  letter  to  the  authors  of  the  journal 
already  quoted,  mentions  his  having  made  fome  fruitlefs  at- 
temps  to  form  this  combination  ;  and  Klaproth,  in  a  letter 
to  M.  Vauquelin  publiflied  in  the  Anrnlts  dt  Chcmie ,  for 
Ventofe,  an  12,  likewife  fays  that  he  could  not  fucceed  in 
producing  palladium. 

Mefs.  Rofe  and  Gehlen,  as  well  as  M.  Richter,  had  con¬ 
ceived  from  my  Paper  a  reliance  on  the  fuccefs  of  their  experi¬ 
ments,  which  no  words  of  mine  had  authorised,  and  have 
accufed  me  of  enforcing  the  truth  of  my  reiults  with  a  degree 
of  certainty  which  their  observations  do  not  countenance. 
M.  Richter  fuppofed  that  the  lormation  of  palladium  was 
attended  with  no  difficulty;  and  in  general  they  have  laid  fo 
much  ftrefs  upon  this  charge,  that  I  (hould  be  inclined  to 
think  my  Paper  had  not  been  read  by  thefe  chemifts.  In 
referring  to  it  again,  I  find  there  is  hardly  a  page  in  which  I 
do  not  mention  fome  failure,  and  no  experiment,  of  the  very 
few  which  occafionally  fucceeded,  is  related  without  my 
Hating  at  the  fame  time  that  it  was  repeatedly  unfuccefsful. 
As  far  as  regards  palladium,  it  is  rather  a  narration  of  fruitlefs 
attempts  than  a  deferiplion  of  an  infallible  procefs,  and  more 
likely  to  create  averfion  to  the  purfuit  than  to  infpire  a  confi¬ 
dence  of  fuccefs.  The  courfe  of  experiments  which  I  had 
made,  as  well  before  as  after  reading  my  Paper  to  the  Society, 
took  me  up  more  than  two  months,  and  employed  me  from 
twelve  to  fixteen  hours  almoft  every  day.  1  had  frequently 

(even 
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feven  or  eight  operations  in  the  forge  to  perform  daily,  and  I 
do  not  exaggerate  the  number  of  attempts  I  made  during  this 
time,  as  well  in  the  dry  as  in  the  humid  way,  in  dating  them 
to  have  been  one  thou  (and.  Amongft  thefe  I  had  four  fuo 
cefsful  operations.  I  perfevered,  becaufe  even  in  my  failures 
I  faw  fufficient  to  convince  me  that  I  lhould  quit  the  road  to 
truth  it  I  dedfted.  After  all  my  labour  and  fatigue  I  cannot 
fay  that  I  had  come  nearer  to  my  objed,  of  obtaining  more 
certainty  in  my  proceifes.  Their  fuccefs  was  dill  a  hazard  on 
the  dice,  againd  which  there  were  many  chances;  but  till 
others  had  thrown  as  often  as  I  had  done,  thev  had  no  folid 
right  to  deny  the  exiftence  of  fuch  a  combination.  On  this 
foundation  none,  I  believe,  have  edabiiflied  fuch  a  right. 

Mels.  Rofe  and  Gehlen  do  not  fay  how  often  their  experi¬ 
ments  were  repeated  ;  but  it  is  probable  that  if  they  had  been 
performed  very  often,  thefe  authors  would  not  have  neglected 
to  mention  it.  M.  Richter  dates  his  merely  as  preparatory 
to  more  extendve  refearches;  and  M.  Tromfdorff,  as  well 
as  M.  Klaproth,  mention  little  more  than  the  fad.  If  the 
German  chemifts  have  concluded  againd  my  refill ts,  they  have 
done  lb  without  juft  grounds,  and  without  having  bedowed 
upon  them  that  labour  and  adiduity  for  which  they  are  ufually 
fo  remarkable. 

In  this  date  of  uncertainty  the  compound  nature  of  palla- M.  Ritter  the 

dium  received  an  indire<5t,  but  a  very  able,  fupport  from  fome  peat galvamft, 

•  1  1  has  eftablifhed 

experiments  of  M.  Ritter,  the  celebrated  Galvamd  of  Jena,  the  order  of  gal- 

M.  Ritter  had  afcertained  the  rank  which  a  greater  number  of  van.lc  relatlon  jn 

fubdances  bold  in  a  galvanic  feries,  arranged  according  to 

the  property  they  potfefs  of  becoming  podtive  or  negative 

when  in  contact  with  each  other.  He  had  edablifhed  the 

following  order,  the  preceding  fubdance  being  in  a  minus 

relation  to  that  which  comes  next.  Zinc,  lead,  tin,  iron,  bif- 

muth,  cobalt,  antimony,  platina,  gold,  mercury,  diver,  coal, 

galena,  crydallized  tin  ore,  kupfer  nickel,  fulphur,  pyrites, 

copper  pyrites,  arfenical  pyrites,  graphite,  crydallized  oxide 

of  manganefe.  He  had  the  goodnefs  to  try  palladium  in  mv  He  found  pai 

prefence,  and  found  it  to  be  removed,  not  only  from  what  I  duar)  t0  be  re 
......  ...  .  .  ,  r  moved  in  that 

believed  to  be  its  conltiluent  parts,  but  altogether  from  among  order  from 

the  metals,  and  to  Hand  between  arfenical  pyrites  and  graphite.  amon£ 

This  relult  led  Mr.  Ritter  into  a  new  and  general  train  of  p^nd  bodies!” 

I’eafoning,  and  induced  him  to  undertake  the  examination  of  a 

great 
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great  number  of  alloys,  and  of  a  variety  of  amalgams.  He 
confidered  the  fubject  as  a  philofopher ;  and  his  operations 
were  thole  of  a  conlummale  expcrimentalift.  It  would  be 
doing  him  an  injuftice  to  attempt  an  extract  of  his  ingenious 
paper,  which  contains  a  feries  of  the  mod  interedtng  experi- 
Orhnintcrefting  merits.  I  lhall  merely  obferve  for  the  prefent  purpofe,  that 
it  very  rarely  happened  that  the  mixture  of  two  metals  bore 
any  determinate  relation  to  the  fame  metals  when  fe  pa  rate ; 
that  in  every  cafe  the  fmalielt  variation  in  the  proportions 
produced  the  mod  marked  effects;  and  that  M.  Ritter  has 
ftirnifhed  us  with  an  inlirument  calculated  to  detect  the  pre¬ 
tence  of  (uch  fmall  quantities  as  have  hitherto  been  confidered 
as  out  of  the  reach  of  chemiflry.  As  palladium  prefents  a 
very  driking  inltance  of  the  anomaly,  to  which  all  compounds 
feem  to  be  more  or  lets  fubject,  by  being  removed  altogether 
from  the  feries  at  fimple  metals,  this  may  ferve  to  lupport  the 
other  proofs  of  its  compound  nature. 

The  objectors  to  One  of  the  principal  objections  of  thofe  who  difpute  the 

con d u r!on s av e  trul^1  ray  conclutions  with  refpeCt  to  palladium,  is  grounded 
not  paid  atten-  upon  the  repeated  failure  of  all  the  methods  I  had  made  ufe  of 
tK>n  to  the  tc-  ;n  forming  it;  but  this  cannot  be  of  very  great  weight,  when 
all  his  methods.  we  confider  the  uncertainty  of  many  other  operations  of  che- 
midry.  The  mod  fimple  are  fometimes  liable  to  fail :  and  the 
eaded  anal  \  (es  have  often  given  different  produCts  in  the 
hands  of  different  chemifls,  who  yet  enjoy  indilputable  and 
equal  rights  to  the  title  of  accuracy,  7' he  progrefs  which  vre 
have  made  in  fome  parts  of  the  lcience  has  not  removed  the 
obdacles  which  impede  our  advancement  in  others.  We 
have  no  method  of  proving  the  truth  of  an  experiment  ex¬ 
cept  by  repeating  it:  yet  this  often  tends  to  (how  nothing  more 
than  contradictory  refults,  and  confequently  the  fallibility  of 
the  art. 

A  recent  cafe  in  But  a  recent  cate  has  occurred  which  is  perfectly  analogous 
chemiOry  which  t0  Qf  palladium.  A  few  years  ago  Profelfor  La m pad i us, 

loguus  to  this.  diddling  lome  fubdances  which  contained  lulpiiur  and 
charcoal,  obtained  a  liquid  product  of  a  peculiar  nature.  He 
repeated  his  experiments,  but  in  vain  :  and  after  many  truitlels 
attempts  abandoned  his  refearches,  and  confuted  himfelf  to 
Haling  the  fact  to  the  chemical  world.  Little  notice  was  taken 
of  it,  and  not  much  intereit  excited  by  an  experiment  fo 
likeJy  to  fail.  Some  time  after  this  Mefs.  Clement  and 

Deform.cs 
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Deformes  obtained  the  fame  refult,  and  attempted  to  produce  P'/covery  cl?c 
the  fubftance  a  fecond  time.  They  performed  a  valt  number  or  Lampadius, 
of  experiments  ;  but  their  fuccets  bore  no  proportion  to  their  which  he  could 
diligence  and  zeal.  They  publilbed  an  account  of  their  procefs  attenvards 
and  its  confequences,  but  gained  little  credit,  as  no  perlon  once  only  verified 
was  fortunate  enough  to  produce  the  fame  fubftance.  Many  ^ 

difbelieved  the  experiments  altogether,  and  denied  the  ex¬ 
igence  of  fuch  a  combination  ;  whilft  others,  lets  inclined  to 
doubt,  attributed  its  formation  to  fortuitous  circumftances 
which  might  never  again  occur  together.  In  February,  1801,  The  inventor 

°  .  ....  r  •  •  i  j  i  i  re-ditcoveredthe 

Profeifor  Lampadius,  indiftilhng  fome  pvntized  wood,  though  fubftance,  and  it 
with  a  different  intent,  obtained  the  lame  fubftance.  As  he  can  be  produced 
had  it  now  in  his  power  to  obferve  the  phenomena  that  at-  ^  w 
tended  its  formation,  he  difeovered,  and  has  communicated  to 
the  world,  a  method  of  producing  it,  which  never  fails. 

Since  his  late  paper  upon  the  fubject,  as  the  neceftary  pre¬ 
cautions  can  be  followed  by  every  chemift,  Mels.  Clement 
and  Deformes  have  obtained  that  credit  to  which  their 
experiments  had,  in  truth,  always  been  entitled;  and  the 
formation,  of  what  Profeftbr  Lampadius  terms  his  fulphur- 
alcohol  is  no  longer  a  refult  of  chance,  or  accounted  for 
by  being  fuppofed  one  of  thofe  fubterfuges  to  which  human 
pride  reforts,  in  order  to  fpare  itfelf  the  confeffion  of  human 
weaknefs. 

The  obfervation  of  any  new  fa£t  becomes  a  matter  of  general  New  are  of 
concern,  and  truly  worthy  of  philolophic  contemplation,  then  extenflve  their 
only,  when  its  influence  is  likely  to  be  extended  beyond  the  relations,  &c. 
fingle  inftance  to  which  it  owes  its  difeovery.  Whether  water 
were  a  fimple  body  or  a  compound  could  have  been  of  little 
importance  as  an  infulated  fact ;  but,  conne&ed  with  the  vaft 
chain  of  realoning  it  gave  rife  to,  it  opened  a  new  field  for 
.genius  to  explore.  If  in  the  prefent  cafe  our  refearches  were 
to  be  confined  merely  to  afeertaining  whether  palladium  were 
a  fimple  metal  or  a  compound,  all  the  advantages  likely  to 
arile  from  the  fadis  obferved  during  the  inquiry  would  be  loft; 
and  an  objedt  of  the  moft  comprehenfive  intereft  w’ould  thus 
fink  into  a  controverfy  concerning  the  exiftence  of  one  more 
of  thofe  fubftances,  which  we  have  dignified  with  the  name  of 
elements.  It  was  in  this  point  of  view  that  Mels.  Richter 
and  Ritter  considered  the  fubject  as  far  as  they  went,  and 

2  a  few 
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a  tew  facts  arc  ffated  in  my  firft  Paper  in  fupport  of  the 
opinion,  that  palladium  is  but  a  particular  inltance  ot  a  gene¬ 
ral  truth. 

By  taking  the  reafoning  on  this  fubjc6t  then,  in  its  wideft 

extent,  we  (hall  be  led,  I  think,  to  the  following  conclution  : 

taken  for  fimple,  That  metals  may  exercife  an  action  upon  each  other,  even  m 
and  thedeteftion 
be  extremely 
difficult. 


Conclufion  : 
that  compound 
metals  mav  be 


Platina  and  mer¬ 
cury  do  adt  on 


their  metallic  Hate,  capable  of  fo  altering  fome  of  their  prin¬ 
cipal  properties  as  to  render  the  prefence  of  one  or  more  of 
them  not  to  be  detected  by  the  ufual  methods.  In  this  is  con¬ 
tained  the  poOGbility  of  a  compound  metal  appearing  to  be 
fimple  ;  but  to  prove  this  mult  be  a  work  of  great  time  and 
perfeverance  ;  and  can  only  be  done  by  contidering  fingl y 
and  luccellively  the  different  cafes  which  it  contains,  and  by 
inffituting  experiments  upon  each.  When  an  affinity  which 
unites  two  bodies,  and  fo  blends  their  different  properties  as  to 
make  them  apparently  one,  has  taken  its  full  effect,  it  will  not 
be  eafy  to  feparate  them  ;  and  this  will  be  more  particularly 
the  cale  when  neither  of  thofe  fubffances  is  remarkable  for 
exercifing  a  powerful  a&ion  upon  others.  The  method  of 
anal) fis  therefore  does  not  promile  much  luccefs ;  and  the 
labour  of  fynthefis  is  fufficient  to  deter  any  individual  from  the 
undertaking. 

It  is  my  intention  now  to  exhibit  one  example  of  my 

eich  other L  and  P(>fllion,  and  10  prove  that  plalina  and  mercury  act  upon  each 
difguife  the  pro-  other,  in  fuch  a  manner  as  to  difguile  the  properties  of  both, 
pemes  ot  each,  j  t|ierefore  uaVe  for  the  prelent  all  conlideration  of 

palladium,  which  is  in  fadt  but  a  lubordinate  inffance  of  the 
cafe,  before  us. 

Example.  Plati-  When  a  foiution  of  green  fulphate  of  iron  is  poured  into  a 

fn  th/mc  talh  c* ^  ^°^ul‘on  °f  p'atina>  n 0  precipitate,  nor  any  other  fenfible 
ftate  by  green  change  enfues.  This  I  had  already  obferved,  and  it  has  fince 

merclir0  o^filver  ^een  con^rroe<^  ky  who  have  written  upon  tlie  fubjeft. 
beprefenti  but  But,  if  a  foiution  of  filver  or  of  mercury  be  added,  a  copious 
not  clfe.  precipitate  takes  place.  This  precipitate  contains  metallic 

platina  and  metallic  filver  or  mercury  ;  lome  muriate  of  one  or 
other  of  the  latter  metals  is  alfo  prelent,  as  it  is  not  ealy  to  free 
the  foiution  of  platina  from  all  fuperfluous  muriatic  acid.  But 
thefe  falls  are  of  no  importance  in  the  experiment,  and  can 
be  fepaialed  by  fuch  methods  as  a  knowledge  of  their  chemical 
properties  will  eafily  fuggeff.  The  proper  object  of  confide- 
raiiori  rs  the  reduction  of  the  platina  to  the  metallic  ffale, 

which 
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which  does  not  happen  when  it  is  alone.  I  have  tried  to  pro¬ 
duce  the  fame  effect  with  other  metals  and  platina,  blit  I  have 
not  obferved  any  thing  timilar.  It  is  therefore  fair  to  conclude, 
that  when  a  folution  of  platina  is  precipitated  in  a  metallic  ftate 
by  a  folution  of  green  fulphate  of  iron,  either  filver  or  mercury 
is  prefent. 

The  precipitation  of  a  mixed  folution  of  platina  and  filver  Nitrate  of  filler 
requires  no  further  caution  than  to  free  the  fait  of  platina  as 
much  as  poffible  from  muriatic  acid  ;  for  as  I  obferved  in  my  down  a  triple 
former  Paper,  the  effed  of  nitrate  of  filver  poured  into  muriate,  “  P1* 

of  platina,  is  to  produce  a  precipitate,  not  of  muriate  ot 
filver,  but  of  a  triple  muriate  V>f  platina  and  filver.  It  was 
by  this  experiment  that  I  then  p\>ved  the  affinity  of  thefe  two 
metals;  for  when  filver  is  not  prefent,  muriate  of  platina  is 
among  the  mofl  foluble  falts.  The  befi  method  of  pref’enting  f'recife  method 
the  three  folutions  of  platina,  filver,  and  green  fulphate  of  iron  °*  Prec,P;  P1*  an(i 

r  ,  *iin  in  t*le  me" 

to  each  other,  Is  firft  to  pour  the  filtered  folution  ot  the  lalt  tallic  ftate  by 
into  the  folution  of  platina,  and  then,  after  mixing  them  tho-  fu!Ph*  iron, 
roughly  together,  to  add  the  folution  of  filver  by  degrees,  and 
to  ftir  them  conftantly.  In  this,  as  in  all  fimilar  operations, 
the  prefence  of  all  acids,  falts,  &c.  excepting  thofe  ne- 
ceffary  for  the  operation,  (hould  be  avoided  ;  and  if  proper 
proportions  have  been  'ufed,  and  all  circumfiances  attend¬ 
ed  to,  the  precipitation  of  thefe  two  metals  will  be  very 
complete. 

But  the  precipitation  by  a  folution  of  mercury  requires  to  be  The  fame,  but 
further  confidered,  as  the  Hate  of  oxidizement  of  this  metal,  w,th  lolutlon  ot 
as  well  as  the  acid  in  which  it  is  diflolved,  produces,  a  confi- 
derable  modification  in  the  refult.  In  the  firft  place  the  oxide, 
at  the  minimum  of  oxidizement,  diflolved  in  muriatic  acid,  is 
unfit  for  the  experiment  ;  and  even  the  red  oxide  diflolved  in 
the  fame  acid,  or  corrofive  fublimate,  is  not  the  molt  advan¬ 
tageous.  When  a  warm  folution  of  the  latter  is  poured  into  a 
mixed  folution  of  platina  and  green  fulphate  of  iron  alfo 
warm,  as  in  the  cafe  of  filver,  thefe  fubftances  are  brought 
into  contact  under  the  mofl  favourable  circumfiances.  Vet 
even  thus  the  precipitation  is  llowly  and  hti perfc&ly  formed, 
often  not  till  feveral  hours  have  elapfed  ;  and  fornetimes  a 
very  great  deficiency  of  weight  is  obferved,  between  the  quan¬ 
tities  ufed  and  thofe  recovered  direftly  by  this  method.  If  a 
folution  of  nitrate  of  mercury  be  ufed,  the  effect  is  produced 

more 
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more  rapidly,  and  the  precipitate  is  more  abundant.  The  pre¬ 
cipitation  of  muriate  of  platina  by  nitrate  of  filver,  and  the 
combination  which  enfues  from  it,  fuggefled  to  me  an  experi¬ 
ment  which  I  mull  fiate  at  length,  as  from  the  refult  ot  it 
confequences  are  deduced  which  modify  loine  of  the  experi¬ 
ments  of  my  former  Paper. 

It  occurred  to  me  that  a  method  of  uniting  platina  find 


Solved  mercury  without  the  intervention  of  any  other  metal,  or  of  any 


jiimum 


tion  will  fall  In  a  lubhance  but  the  folvents  of  thefe  metals  might  be  accom- 

pl at ! p a^wi th o u t  P^iec^  as  *n  ^ie  cafe  of  filver  and  platina.  I  therefore  poured 
any  addition  of  a  folution  ot  nitrate  of  mercury,  which  folution  being  at  the 
tuiph.  iron.  minimum  of  oxidizement,  consequently  formed  an  infoluble 

muriate  with  muriatic  acid,  into  a  folution  of  muriate  of  platina. 
f  he  relult  was  a  triple  fait  of  platina  and  mercury,  which 
when  the  mercury  was  completely  and  totally  at  the  minimum 
ot  oxidizement  was  nearly  infoluble.  To  procure  it  in  this 
ftate  it  is  (utheient  to  put  more  metallic  mercury  into  dilute 
nitric  acid  than  the  nitric  acid  can  diflolve,  and  to  boil  them 
together.  This  triple  fait  ot  platina  and  mercury  fhall  be  pre¬ 
sently  examined.  From  this  it  is  evident  than  to  produce  the 
union  of  platina  and  mercury,  the  latter  being  at  its  minimum 
ot  oxidizement  in  nitric  acid  the  addition  of  green  fulphate  of 
iron  is  fuperfluous. 

Not  fo  If  the  But  it  mercury  be  raifed  to  its  maximum  of  oxidizement  in 

the  maximum  of  nitr'c  acic*  the  ca(c  *s  different,  f°r  110  precipitation  occurs  till 
vxidizcment.  the  green  fulphate  ot  iron  is  added.  The  moft  advanta¬ 
geous  method  tor  precipitating  platina  and  mercury  by  green 
fulphate  of  iron  is,  I  believe,  the  following.  Mix  a  folution 
ot  platina  with  a  folution  of  green  fulphate  of  iron,  both 
warm,  and  add  to  them  a  lolulion  of  nitrate  of  mercury 
at  the  maximum  of  oxidizement  alto  warm.  It  is  neceflary 
to  avoid  excels  of  acid,  fait,  &c.  in  this  as  in  all  fuel)  cafe*. 
With  due  care  the  precipitation  of  boll)  metals  will  then  be 
complete. 

By  comparing  the  experiments  made  with  mercury  and 
platina  with  thofe  made  with  filver  and  platina,  a  ftriking 
by  green  fulphate  relemblancc  will  be  found.  This  induced  me  to  purfue  the 
o'  a™  >  Sen,  analogy,  and  to  examine  whether,  independently  of  the  aftion 
of  platina,  mercury  had  not  the  fame  property  of  being  preci¬ 
pitated  by  green  fulphate  ot  iron  as  filver.  Nitrate  of  filver  is 
precipitated  by  green  fulphate  of  iron,  but  muriate  of  filver  is 

not 


Whether  rtvr- 
Cury  be  preci- 
piuble,  tmgly, 
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not  fenfibly  a&ed  upon  bv  the  fame  reagent.  The  infolubilily 
of  muriate  of  filver  might  be  alledged  as  the  caufe  of  this,  if  I 
had  not  tried  the  experiment  by  pouring  nitrate  of  tilver  into 
green  muriate  of  iron,  in  which  cate  all  the  fub (lances  were 
prefentcd  to  each  other  in  folution.  The  retult  was  not  re* 
du&ion,  but  muriate  of  (liver  and  nitrate  ot  iron.  This  fact 
reds  upon  a  much  more  extenfive  bads  than  mere  mechanical 
circurnltances ;  and,  if  purfued  with  the  intention  it  deferves, 
it  would  lead  us  into  the  wide  expanfe  of  complicated  affinities 
and  their  relations.  From  reatoning  alone  we  Ihouid  be  dif- 
pofed  to  think  that  an  acid,  (o  eafily  decompofed  as  the  nitric, 
would  be  fufficient  to  prevent  the  redu&ion  of  a  metal  which 
it  can  diffolve.  But  on  the  one  hand  it  can  fpend  its  oxygen 
upon  a  part  of  the  oxide  of  the  green  fulphate  of  iron,  while 
on  the  other  its  affinity  for  oxide  ot  filver  is  not  powerful 
enough  to  retain  it,  when  there  is  another  part  ot  the  oxide  of 
iron  prefent  to  deprive  it  of  oxygen.  But  the  affinity  of 
muriatic  acid  for  oxide  of  filver,  one  of  the  drongeft  at 
prefent  known,  is  fufficient  to  counterbalance  all  the  other 
forces.  There  are  many  other  indances  of  the  fame  kind. 

If  then  a  folution  of  green  fulphate  of  iron  be  brought  into  Mercury  in  m- 

contaft  with  either  foluble  or  infoluble  muriate  of  mercury,  no  tnc  ac.,(!  18  P”**" 

J  pitated  (metallic) 

reduction  takes  place  ;  but  it  mercury,  whether  at  the  maxi-  by  gr.  fulph.  of 
mum  or  the  minimum  of  oxidizement,  be  diffolved  in  nitric  lron* 
acid,  and  green  fulphate  of  iron  be  added,  the  mercury  is 
precipitated  in  the  metallic  date. 

Thefe  experiments  are  much  Wronger  examples  than  the  Tnefe  remark- 
former  of  the  effects  produced  by  complicated  affinities.  They  ^hTfbr  ** 
are  of  importance  not  only  as  objects  of  general  confideration  merty  ftated. 
but  in  their  application  to  the  prefent  (object.  They  mod  ma¬ 
terially  modify  and  are  indifpenfable  to  the  accuracy  of  the 
refults  I  formerly  dated;  but  I  was  not  aware  of  them  at 
the  time  I  firii  engaged  in  the  invedigation  of  this  iubjeCh  I 
can  alfo  now  explain  a  very  material  difference  between  fome 
proportions  cbferved  by  M.  Richter  and  myfelf  in  an  expe¬ 
riment  which  that  chemid  had  made  as  a  repetition  of  one  of 
mine. 

I  had  poured  a  folution  of  green  fulphate  of  iron  into  a  Precipitation  of 
folution  of  100  parts  of  gold  and  1200  of  mercury,  and  had  lygr^fu?  hate^ 
obtained  a  precipitate  confiding  of  100  of  gold  and  774  of  of  iron:  repeated 
mercury.  M  Richter  repeated,  as  he  terms  it,  this  experi-  by 

ment; 
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ment;  that  is,  he  ufed  100  of  gold  and  300  of  mercury,  and 
obtained  a  precipitate  weighing  102,  He  is  1  urpriled  at  the 
difference  of  weight  between  our  refults,  which  might  be 
owing  to  his  method  of  repeating  the  experiment ;  but  the  real 
caufe  of  this  difference  lies,  as  I  fuppofe,  in  my  having  acci¬ 
dentally  ufed  nitrate  indead  of  muriate  of  mercury.  I  had 
never  obferved  that  with  mercury  and  filver  this  operation 
had  failed,  and  it  mud  have  been,  becaule,  on  account  of  the 
known  effeCt  of  muriatic  falts  upon  thole  of  diver,  I  had 
naturally  avoided  uling  a  muriate  of  mercury, 

The  (late  of  ox-  But  the  date  of  the  nitrate  of  mercury  which  is  ufed  with  a 
idation  of  them-  f0|uj_  jon  Qf  gold  is  not  indifferent.  As  green  fulphale  of  iron 

trate  of  mercury  8  ,  '  „  ,, 

ufed  with  the  fo-  reduces  mercury  when  dnlolved  in  nitric  acid,  as  well  as  gold, 
lutionofgoldisof  jj  *g  nece(fary  to  mix  the  folutious  of  thofe  metals  betore  the 
the  minhnum  of  green  fulphate  of  iron  is  added,  in  order  that  both  maybe 
oxidation  pre-  acted  upon  together.  If  the  nitrate  be  at  the  minimum  of  oxi- 

and  metallic  gold  dizement,  a  precipitate  is  immediately  formed  upon  mixing  the 
fall  down i  folutions  of  gold  and  mercury.  Calomel  is  produced  by  the 
muriatic  acid  of  the  folution  of  gold  and  the  oxide  ol  mercury  ; 
vvhilft  the  gold  is  reduced  to  the  metallic  date  by  a  portion  of 
the  oxide  of  mercury  becoming  more  oxidized,  and  forming 
the  foluble  muriate.  The  precipitate  confifts  of  calomel,  of 
metallic  gold,  and  o  fa  very  fmall  portion  of  mercury  which  I 
believe  to  be  in  the  fame  date;  my  realon  for  thinking  fo,  is, 
that  I  have  often  obferved,  that  a  glals  vedel  in  which  I  had 
iublimed  lome  of  it,  was  lined  with  a  thin  gray  metallic  coat, 
kut  if  the  wax-  If,  on  the  contrary,  a  nitrate  of  mercury  be  highly  oxidized, 
till  the  no  Prec>pitate  nor  reduction  of  gold  takes  place  until  the  green 
green  fulphate  of  fulphate  of  iron  is  added.  But  at  any  rate  the  precipitation  of 
iron  is  added.  g0jtj  an(j  mCrcury,  or  of  diver  and  mercury  by  green  fulphate 

of  iron,  cannot  be  adduced  as  an  argument  to  fupport  the 
affinity  of  thefe  metals,  dnee  the  effiedl  is  the  fame,  whether 
they  are  feparate  or  united. 

Thefe  preliminary  condderations  were  neceflary  as  well 
for  the  rectification  of  my  former  experiments  as  for  the  pur- 
fuit  of  my  prefent  objeCt ;  and  now  to  return  to  platina. 
Experiment)?  Exper.  I.  If  a  folution  of  highly  oxidized  nitrate  of  mercury 
r  \Virh  o? "the  P0liretl  into  a  mixed  folution  of  platina  and  green  fulphate 

highly  oxid.  fol.  of  iron,  the  fird  aCtion  which  takes  place  pafl'es  between 
otnvtcury  pour-  ^  muriatic  acid  of  the  folution  of  platina  and  the  oxide  of 

r rl  into  a  mixed  t  .  •  r 

{r>\ . u un  of  plat,  mercury,  by  which  a  muriate  of  mercury  is  formed,  but  retained 

in 
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in  folution.  This  effeft  makes  it  advantageous  to  ufe  a  greater  and  gr.  fulph.  of 

quantity  of  the  folution  of  mercury  than  is  merely  capable  of  jo-vn  patina  and 
drawing  down  the  given  quantity  of  platina  along  with  itfelf  mercury  umted. 
in  thelorm  of  a  metallic  precipitate.  When  this  precipitate  is 
wafhed  and  dried,  it  will  be  found  to  weigh  much  more  than 
the  original  quantity  of  platina ;  and  the  augmentation  of 
weight  has  no  limit  but  thofe  of  the  mercury  and  the  green 
lulphate  o i  iron  employed.  But  even  after  nitric  acid  has  been  Part  °f  the  latter 
boiled  for  a  long  time  and  in  great  quantities  upon  this  precipi-  nitricTctd?  ^  ^ 
tale,  until  it  no  longer  dillbl ves  any  part  of  it,  there  dill  re¬ 
mains  more  undilfolved  matter  than  the  original  weight  of  the 
platina  ufed  in  the  experiment.  By  expofure  to  heat  little  Heat  drives  off 
more  is  left  in  general  than  the  original  platina;  and  fome-  mcrcur^* 
times  even  a  diminution  may  be  obferved ;  for  as  the  experi¬ 
ment  is  not  attended  with  uniform  fuccefs,  it  does  not  always 
happen  that  the  whole  of  the  platina  is  precipitated,  bat  a 


portion  of  it  will  fometimes  redd  the  action  of  the  green  ful- 
phate  of  iron,  even  when  lufficient  mercury  has  been  ufed. 
Before  the  precipitate  has  been  expofed  to  heat  it  is  diffolved 
more  eadly  than  platina  by  nitro-muriatic  acid ;  and  the  folu¬ 
tion  when  nearly  in  a  neutral  date  gives  a  copious  metallic 
precipitate,  (yet  not  equal  to  the  quantity  employed,)  when 
boiled  with  a  folution  of  green  fulphate  of  iron. 

Exper .  2.  W  hen  a  mixed  tolution  of  platina  and  mercury  is 
precipitated  by  metallic  iron,  a  quantity  equal  to  the  fum  of  the 
former  metals  is  generally  obtained.  After  nitric  acid  has  been 
boiled  for  a  long  time  upon  the  precipitate  fo  formed,  the 
original  weight  of  platina,  together  with  a  condderable  in- 
creafe,  remains  behind,  nor  can  nitric  acid  fendbly  diminifh 
it.  It  yields  more  eafily  than  platina  to  the  action  of  nitro- 
muriatic  acid,  and  its  folution  in  that  acid,  when  neutralized, 
gives  a  precipitate,  as  in  the  former  experiment,  by  green 
tulphate  at  iron.  If  this  precipitate  be  expofed  to  a  drong 
heat  alter  it  has  been  boiled  with  nitric  acid,  it  lofes  a  great 
part  of  its  weight,  and  the  platina  alone  will  generally  be 
found  to  remain. 


The  compound 
precipitate  is 
more  foluble 
than  plat,  in  n. 

m.  acid,  and 
gives  much  me¬ 
tal.  precip.  by 
add.  of  f.  of  gr. 
f.  of  iron. 

Exp.  z.  Me¬ 
tallic  iron  throw* 
down  the  pi.  and 
mere,  from  a 
mixed  foiution. 
Nitric  acid  does 
not  deprive  this 
metal  of  all  its 
mercury.  It  is 
more  foluble  in 

n.  m.  acid ; 
and  precip.  by 
gr.  f.  of  iron. 
Heat  ufualiy  ex¬ 
pels  the  mercury 
from  this. 


Evper.  3.  When  a  quantify  of  ammoniacal  muriate  of  platina  ExP*  3*  Amal* 
is  treated  according  to  the  method  of  Count  Mudin  Puffikin  5™  *?' 

lo  form  an  amalgam,  and,  after  being  rubbed  for  a  condderable  plat.)  ftrongly 
time  with  mercury,  is  expofed  in  a  crucible  to  a  heat  gradually  heat?d'  lcjLve.s  * 
iih  re  a  led  till  it  becomes  violent,  a  metallic  powder  remains  in  by  n.  m  acid^ 
Vol.  XI.— July,  180j.  N  the  and CQ?ioufty ' 
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precip.  by  gr.  f. 
of  iron. 


Exp.  caufes  a 
greater  precip 


the  crucible.  This  powder  is  acted  upon  by  nitro-muriatic 
acid,  and  when  the  folution  is  neutralized,  a  copious  precipi¬ 
tate  is  formed  upon  the  addition  of  green  fulphate  ot  iron. 
This  effedt  takes  place  even  after  the  metal  has  been  tufed  in 
the  manner  described  in  the  former  part  of  this  paper. 

Exp.  4.  Sulphur  Exper.  4.  If  fulphur  be  added  to  the  ingredients  recom- 
added  in  the  laft  mended  by  Count  Muffin  Pufhkin,'  and  the  whole  treated  as 
in  the  laft  experiment*  the  quantity  of  precipitate  caufed  by 
green  fulphate  of  iron  in  the  nitro-muriatic  folution  of  the 
button  which  reiuks  from  the  operation*  is  generally  more 
confiderable. 

Exp  5  Sulphur  Ex  per.  5*.  If  fulphur  be  rubbed  for  fome  time  with  ammo- 
rubbed  with  am.  niacal  muriate  of  platina,  and  the  mixture  be  introduced  into  a 
m.  of  plat^.  cahly  ^majj  jT|orence  ftafk,  it  can  be  melted  on  a  fand-bath.  It 

being* added,  mercury  be  then  thrown  into  it,  and  the  whole  be  well  ftirred 
ftrong  fufion  together  and  heated,  it  may  afterwards  be  expoled  to  a  very 
gives  a  button,  ftrong  fire  and  melted  into  a  button.  It  this  be  ditfolved  in 

acid  and  preci-  nitro-muriatic  acid,  it  will  give  a  precipitate,  as  in  the  former 
pUab.e  by  gr.  i.  cafes^  by  green  fulphate  of  iron. 

„  Exper,  6.  If  a  current  of  fulphuretted  hydrogen  gas  he  lent 

Exp.  6.  The  '  ......  ci-  .  j  .1 

precip.  from  fol.  through  a  mixed  lolution  ot  plalina  and  mercury,  and  the 

of  plat,  and  ^  precipitate  which  enfues  be  collected,  the  metal  may  be  re- 

hy^lrog^n  be'uig  Sliced  by  heat ;  and  with  the  addition  of  borax,  it  may  be 

fufed  affords  a  melted  into  a  button  which  will  not  contain  any  fulphur.  Green 

f0lf)f  iron  fulphate  of  iron  caufes  a  precipitate  in  the  lolution  ol  this 

metal  alfo. 

Fxp  7  So lik'  Exper.  7.  It  to  a  mixed  folution  of  platina  and  mercury, 

wife  the  precip.  pholphate  of  ammonia  be  added,  a  precipitate  takes  place.  It 

by  pholphate  of  be  collected  and  reduced,  it  wall  be  aCted  upon  by  green 
arfimon.  .  .  1  0 

fulphate  of  iron  poured  into  its  lolution,  in  the  lame  manner  as 

the  metallic  buttons  in  the  preceding  examples. 

t?  @  VT-.  c  Exper.  8.  I  have  already  mentioned  that  when  a  folulioil  of 
Exp.  5.  N itr.  ot  *  J 

mere,  at  min.  of  nitrate  of  mercury,  at  the  minimum  of  oxmlizement,  is  poured 

©xidiz.  precipi-  jnt0  a  folution  of  muriate  ol  platina,  .a  mercurial  muriate  of 

fates  mur.  of  pi. 

The  mef.dlic  platina  is  preeipifated.  The  lupcrnalant  liquor  may  be  de¬ 
compound  dif-  canted  and  the  rctiduum  waffied  j  if  this  be  reduced  and  after¬ 
acid  i-  pec*i  pit-  wards  diffolved  in  nitro-muriatic  acid,  it  will  yield  a  precipi¬ 
ce  by  gr.  f.  of  tate  with  green  fulphate  of  iron.  This  method  appears  to  me 
to  be  the  neateft  lor  combining  platina  and  mercury,  as  the 
action  which  takes  place  is  independent  of  everv  fubftance 
except  the  metals  themfelves. 


Exper. 
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Erper.  9.  One  of  the  mod  delicate  tefts  that  I  have  obferved  Exp.  9.  Recent 

in  chemiftry  is  recent  muriate  of  tin,  which  dete<5ts  the  pre-  the^oft^eHcate 

lence  of  the  fmalleft  portion  of  mercury.  When  a  fingle  drop  tsftof  mercury. 

of  a  faturate  folution  of  neutralized  nitrate  or  muriate  G-  1  r  (,°es  not  indi¬ 
cate  the  mercury 

mercury  is  put  into  500  grains  of  water,  and  a  few  drops  of  a  jn  a  mixed  folu- 
faturate  folution  of  recent  muriate  of  tin  are  added,  the  liquor  tion  that  me* 
becomes  a  little  turbid,  and  of  a  fmoke-gray  colour.  If  thefe  1  *  ami 
500  grains  of  liquid  be  diluted  with  ten  times  their  weight  of 
water,  the  efFedt  is  of  courfe  diminifhed,  but  Hill  it  is  per¬ 
ceptible.  I  had  on  a  former  occafion  obferved  the  adtion  of 
recent  muriate  of  tin  upon  a  folution  of  platina.  If  a  folution 
of  recent  muriate  of  tin  be  poured  into  a  mixed  folution  of 
platina  and  mercury,  not  too  concentrated,  it  can  hardly  be 
diftinguifhed  from  a  fimple  folution  of  platina.  But  if  too 
much  mercury  be  prefent,  the  excels  is  adted  upon  as  mer¬ 
cury  ;  and  the  liquor  aflumes  a  darker  colour  than  with  platina 
alone. 

From  all  thefe  experiments  it  is  evident  that  mercury  can  flence,  1,  ±, 

adt  upon  platina,  and  confer  upon  it  the  property  of  being  pre-  Platina  protects 
....  ....  f  ,,  J  .  .  6  mercury  from 

cipitatea  in  a  metallic  ttate  by  green  lulphate  or  iron.  By  nitric  acid,  and 

Experiments  1  and  2,  it  is  proved,  1ft,  That  platina  can  protedt  mercury  renders 

a  confiderable  quantity  of  mercury  from  the  adtion  of  nitric  Je&'to 

acid  ;  and  2d!y,  That  mercury  can  increafe  the  adtion  of  nitro-  mur‘  acid : 

muriatic  acid  upon  platina.  From  Experiment s  3>  4,  5,  6,  7,  8,  3etain‘s  maJ**ry 

it  appears  that  mercury  can  combine  with  platina  in  fuch  a  in  the  ftrong 

manner  as  not  to  be  feparated  by  the  degree  of  heat  neceffary  g^^rcur  °  a*  j 

to  fufe  the  compound,  fince  after  the  fufion  it  retains  that  platina  aft  on 

property,  which  is  eftentially  charadteriftic  of  the  prefertce  off30*1  ot^er  m. 

.  r  .  .  .  ,  '  .  A  ,  _  .  line  composition* 

mercury  in  a  lolution  ot  platina.  I  he  8th  Experiment  proves  9.  Platina  de- 

that  the  action  of  mercury  upon  platina  is  not  confined  to  the  tends  mercury  in 

metallic  ftate ;  but  that  thefe  metals  can  combine  and  form  an  being^duced  by 

infoluble  triple  fait  with  an  acid  which  produces  a  very  foluble  of  tin. 

compound  with  platina  alone.  The  9th  Experiment  ftiows  that 

platina  can  retain  in  folution  a  certain  quantity  of  mercury, 

and  prevent  its  redndtion  by  a  fubftance  which  acts  mod 

powerfully  to  that  effedt,  when  platina  is  not  prefent.  That 

part  of  the  general  pofition  therefore  which  is  the  objedt  of 

♦his  paper  is  proved,  if  thefe  experiments,  upon  being  repeated 

by  other  chemifts,  (halt  be  found  to  be  accurate. 

One  or  two  of  the  above  experiments  feem  to  be  in  contra- Remark  on  pal- 
didtion  to  fome  that  I  have  ftated  in  iny  paper  upon  palladium  ; la' ^uai* 

N  2  for 
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The  compounds 
of  platina  and 
mercury  are  fuh 
je£i  to  great  va¬ 
riations)  Sc  c. 


fnveftigalion  of 
the  quantity  ot 
mercury  thus 
tixed.  It  is 
luppofed  or  in* 
terred  to  be 
about  17  mer¬ 
cury  to  83  pla- 
tina,  with  the 
Specific  gravity- 
16. 


ACTldN  OF  PLATIKA  AND  MERCURY! 

for  in  the  prefent  examples  platina  prote&s  mercury  againfi 
the  action  of  nitric  acid  ;  whereas  in  palladium  the  mercury  is 
not  only  a6ted  upon  itlelf,  but  it  conduces  to  the  lolution  ot 
platina  in  the  lame  acid.  I  am  well  aware  ol  this  objection  ; 
but  confining  myfelf  to  my  prefent  object)  I  fhall  wave  all 
further  difeuflion  ot  it  till  another  opportunity.  In  the  mean 
time,  however,  it  may  be  laid  down  as  an  axiom  in  chemiftry, 
that  the  ffrongeft  affinities  are  thole,  w'hich  produce  in  any 
fubftance  the  greateft  deviation  from  its  ulual  properties. 

When  a  button  of  the  alloy  of  platina  and  mercury  as  pre¬ 
pared  by  any  of  the  above  methods,  is  ditTolved  in  mtro- 
muriatic  acid,  and  afterwards  precipitated  by  green  fulphate 
of  iron,  the  entire  quantity  of  the  alloy  uled  is  leldom  obtained. 
A  confiderable  portion  of  platina  refifts  the  action  of  green 
fulphate  of  iron,  and  remains  in  folution.  This  may  be  looked 
upon  as  the  excefs  of  platina,  and  can  be  recovered  by  a  plate 
of  iron.  Hence  it  appears  that  lefs  mercury  is  fixed,  than  can 
determine  the  precipitation  of  the  entire  quantity  ol  platina ; 
yet  in  this  ftate  it  can  draw  down  a  greater  quantity  ot  the 
latter,  than  when  it  is  merely  poured  into  a  mixed  folution  of 
platina,  not  before  fo  treated.  Indeed  the  whole  of  thefe 
experiments  tend,  not  only  to  (how  that  thefe  two  metals 
exercife  a  very  powerful  action  upon  each  other,  but  that  they 
are  capable  of  great  variation  in  the  itate  ot  their  combination; 
and  alfo  that  fubffances  pofleffing  different  properties  have 
re  fulled  from  my  attempts  to  combine  platina  with  mercury. 

This  obfervalion  furnifhed  me  with  a  method  of  afcer- 
taining,  or  at  leaft  of  approaching  to  the  knowledge  of,  the 
quantity  of  mercury  thus  fixed  by  platina,  and  in  combination 
with  it.  The  experiment,  however,  having  been  feldom 
attended  with  full  fuccefs,  l  mention  the  relult  with  the  entire 
confcioufnefs  of  the  uncertainty  to  which  it  is  1  abject.  1  ob¬ 
served  the  increafe  of  weight;  which  the  original  quantity  ot 
platina  had  acquired  in  fome  cafes  after  it  had  been  treated 
with  mercury,  and  fufed  into  a  button.  I  counted  that  aug¬ 
mentation  as  the  quantity  of  mercury  fixed.  I  Lhen  determined 
bow  much  was  precipitated  by  green  fulphate  of  iron  from  a 
folution  of  this  alloy,  and  luppofed  it  to  contain  the  whole 
quantity  of  mercury  found  as  above.  But,  even  if  attended 
with  complete  fuccefs,  there  1*  a  chemical  reafon  which  mu  ft 
make  us  refufe  our  alfent  to  this  cllimate.  It  is  poifible,  and 

not 
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flat  unlikely,  that  a  portion  of  mercury  may  be  retained  in 
folution  by  the  platina,  as  well  as  that  a  portion  of  the  platina 
may  be  precipitated  by  means  of  the  mercury.  The  mean 
refult,  however,  was  that  the  precipitate  by  green  lulphate 
of  iron  confifted  of  about  17  of  mercury,  and  83  ot  platina, 
when  the  fpecific  gravity  was  about  16'. 

With  regard  to  palladium,  left  it  ftiould  be  fuppofed  that  The  author  con- 
either  my  own  .obfervations,  or  thole  of  others  have  given  me  palladium 
caufe  to  alter  my  opinion  ;  I  will  add,  that  I  have  as  yet  ieen  is  a  compound, 
no  arguments  of  fufEcient  weight  to  convince  me,  in  oppofition 
to  experiment,  that  palladium  is  a  ftmple  fubftance.  Repeated 
failure  in  the  attempt  to  form  it  I  am  too  well  accuftomed  to, 
not  to  believe  that  it  may  happen  in  well  conducted  operations; 
but  four  fuccefsful  trials,  which  were  not  performed  in  fecret,  ijnre  fourfuo 
are  in  mv  mind  a  fuffieient  anfwer  to  that  objedion.  By  deter-  cefiful  exPen* 
mining  the  prefent  queftion  we  may  overcome  the  prepol-  0f  forming  it. 
feffion  conceived  by  many  againft  the  poftability  ot  rendering 
mercury  as  fixed,  at  an  elevated  temperature,  as  other  metals  : 
vve  may  be  led  to  fee  no  greater  miracle  in  this  compound 
than  in  a  metallic  oxide,  or  in  water,  and  be  compelled  to 
take  a  middle  path  between  the  vifions  ot  alchemy  on  the  one 
Aiand#  and  the  equally  unphilofophical  prejudices  on  the  other, 
which  they  are  likely  to  .create.  In  thecour.le  ot  experiments 
iuft  now  related,  I  have  feen  nothing  but  what  tends  to  con- 
firm  my  former  retults,  yet  the  only  means  which  I  can,  atter 
all,  prefcribe  for  fucceeding,  is  nerfeverance. 

To  afcertain  whether  the  opinion  of  MelT.  Fourcroy  and  Platina,  purified 
Vauquelin,  that  the  jvew  metal  was  the  principal  ingredient  ya^’^"°,ysand 
in  palladium  had  any  juft  foundation,  I  obferved  the  methods  method,  is 
they  have  recommended  for  obtaining  pure  platina  ;  but  I  did  combm- 

not  perceive  any  difference  in  the  facility  with  which  either  cury.  ’  ;  ' 

kind  of  platina  combined  with  mercury. 

I  might  have  added  fome  more  experiments  to  corroborate  Thefe  chemifts 

the  evidence  I  have  adduced  to  prove  my  afiertion  of  the  have^promifedTo 
fixation  of  mercury  by  platina ;  but  MelT.  Vauquelin  and  purfue  the  fub- 
Fourcrov  have  promifed  the  Inftitute  of  France  a  continuation^* 
of  their  refearches,  and  M.  Richter  concludes  his  paper  with 
faying  that  he  will  return  to  the  fubjed.  From  the  labours  of 
fuch  perfons  fome  great  and  important  fad  mult  iftue,  and  I 
hope  that  the  prefent  fubjed  will  not  be  excluded  from  their 
con  ft  deration.  The  fads  contained  in  this  paper  cannot  be 
3  fubmitted 


182 


METHOD  OF  OBVIATING  THE 


fubmitted  to  too  fevcre  a  fcru tiny  ;  and  no  judge  can  be  more 
rigid  or  more  competent  than  ( he  very  per fon  who  was  the 
firft  to  doubt  my  former  experiments.  But  it  is  neceffary  to 
be  oblerved  by  whoever  fhall  think  them  worth  the  trouble  of 
verifying,  that  even  thele  experiments  are  liable  to  fail  unlefa 
proper  precautions  are  ufed  :  that  I  have  never  operated  upon 
lefs  than  one  hundred  grains ;  and  that  the  ret  alts,  which  I 
have  tiated;  however  fimple  they  may  appear,  have  been  the 
conftant  labour  of  tome  weeks. 


postscript. 

Dr.  Wol’afton’s  Since  this  paper  was  written  Dr.  Wollahon  has  publifhed 
palladium  in  fome  experiments  upon  platina.  He  has  found  that  palladium 
proves^ nothing ;  contained  in  very  lmall  quantities  in  crude  platina.  T  his  fadl 

and  it  may  have  xvas  mentioned  to  me  more  than  a  year  ago  by  Dr.  W ollafton. 
ofThe'dmalga^  I  have  not  yet  feen  a  copy  of  his  paper ;  but  I  (ball  merely 
mating  procefs.  oblerve  here  that,  whatever  be  the  quantity  of  palladium  found 
in  a  natural  hate,  no  conclusion  can  be  drawn  as  to  its  being 
fimple  or  compound.  Nothing  is  more  probable  than  that 
nature  may  have  formed  this  alloy,  and  formed  it  much  better 
than  we  can  do.  At  all  events,  the  amalgamation  to  which 
platina  is  fubmitted  before  it  reaches  Europe,  is  fufficient  to 
account  for  a  fmall  portion  of  palladium. 

.  -  ,  ,  ■  ,  ,  |  p  ,,  i 

;-v  .-i"-.:  ■■  ■■  ~~ 7  1  • 


VI. 

Method  of  obviating  the  Necrjfity  of  Lifting  Ships.  By  Mr . 
Robert  Seebings,  of  Chatham  Yard*. 


Great  faving  and  Th  e  method  here  to  be  dclcribed  of  fufpending,  inflead  of 
advantage  riuf-  pfting,  fliips,  for  the  purpofe  of  clearing  them  from  their 

o/.  luting  Alps,  blocks  ;  affords  a  very  great  faving  to  the  public  ;  and  abridges 
two-thirds  of  the  time  formerly  ufed  in  this  operation,  from 


the  faving  of  time  another  very  important  advantage  is  deriv¬ 
ed,  namely,  that  of  enabling  large  fhips  to  be  docked,  fuf- 
pended,  and  undocked,  the  fame  fpring  tides.  Without 
enumerating  the  inconveniencies  arifi ng,  and,  perhaps,  in¬ 
juries,  whicfi  fhips  are  liable  to  fuflain,  from  the  former 


*  From  the  Tranfa&ions  cf  the  Society  of  Arts,  who  voted  him 
the  gold  medal,  1804. 
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pra&ice  of  lifting  them,  and  which  are  removed  by  the 

prefent  plan  ;  that  which  relates  to  manual  labour  deferve^ 

particular  attention;  twenty  men  being  fufficient  to  fufpend  Twenty  men 

a  firft  rate,  whereas  it  would  require  upwards  of  500  to  lift  of^oo!^ 

her.  The  fituation  which  Mr,  Stoppings  held  in  Ply  mouth- 

yard,  attached  to  him,  in  a  great  degree,  the  (boring  and 

lifting  of  (flips,  as  well  as  the  other  practical  part  oi  the  pro- 

fedioti  of  a  (hipwright.  Here  he  had  an  opportunity  ©fHiftory# 

obferving,  and  indeed  it  was  a  (ubje<51  of  general  regret,  how 

much  time,  expenfe,  and  labour,  were  required  in  lifting  a 

(flip,  particularly  (flips  of  the  line.  This  induced  him  to  con- 

iider  whether  fome  contrivance  could  not  be  adopted  to 

obviate  thefe  evils.  And  it  occurred  to  him,  that  it  he  could 

fo  condiuft  the  blocks  on  which  the  (flip  reds,  that  the  weight 

of  the  (hip  might  be  applied  to  adifi:  in  the  operation,  he  (fiould 

accomplifli  this  very  debreable  end.  In  September  1800, 

the  (boring  and  lifting  the  San  Jofef,  a  large  Spanifh  fird-rate* 

then  in  dock  at  Plymouth,  was  committed  to  his  dire&ions ; 

to  perform  which,  the  abidance  of  the  principal  part  of  the 

artificers  of  the  yard  was  requisite.  In  conducing  this  bufinefs, 

the  plan,  which  will  be  hereafter  defcribed,  occured  to  his 

mind  ;  and  from  that  time,  he,  by  various  experiments, 

proved  his  theory  to  be  correct :  the  blocks,  condructed  by  The  contrivance 

him,  upon  which  the  (flip  reds,  being  fo  contrived,  that  the  pS0unded  of  tvyrt> 

facility  in  removing  them,  is  proportionate  to  the  quantity  of  horizontal 

predure;  and  this  circumbance  is  always  abfolutely  under  an  obt'ufe 

command,  by  increadng  or  diminidiing  the  angle  of  three  vertical  wedge, 

wedges,  which  conditute  one  of  the  blocks;  two  of  which 

are  horizontal,  and  one  vertical.  By  enlarging  (he  angle  which  by  the 

of  the  horizontal  wedges,  the  vertical  wedge  becomes  of  ca^  ifTeedful, 

confequence  more  acute  ;  and  its  power  may  be  fo  increafed,  difolace  the 

that  it  diall  have  a  great  tendency  to  ditplace  the  horizontal  ot^eis* 

wedges,  as  was  proved  by  a  model,  which  accompanied  the 

(fatement  to  the  Society  ;  where  the  power  of  the  (crew  is 

uled  as  a  fubditute  for  the  preffure  of  the  Oiip. 

Mr.  Seppings  caufed  three  blocks  to  be  made  of  hard  wood  Experiments, 
agreeable  to  his  invention,  and  the  wedges  of  various  angles. 

The  horizontal  wedges  of  the  firft  block  were  nine  degrees ; 

of  the  fecond,  ieven  ;  and  of  the  third,  five  ;  of  courle,  the 

angle  of  the  vertical  wredge  of  the  firfi  block  was  162  degrees;  Angles  of  the 

of  the  fecond  166;  and  of  the  third,  170  Thefe  blocks, 

wedges 
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by  battering- 
rams, 


wedges,  were  well  executed,  and  rubbed  over  with  foft  foap 
for  the  purpofe  of  experiment.  They  were  then  placed  in  a 
dock,  in  his  Majefty ’s  yard  at  Plymouth,  in  which  a  floop  of 
Aflooprefted  war  was  to  be  docked;  on  examining  them  after  the  veffel 

upon  them,  and  was  jn>  ancj  ^j,e  water  gone,  they  were  all  found  to  have  kept 

1 “°lL  Up*  their  fituations,  as  placed  before  the  fliip  reded  upon  them. 

Shores  in  their  wake  were  then  ere&ed  to  fuflain  the  fliip. 

The  horizontal  prior  to  the  faid  blocks  being  taken  from  under  the  keel.  The 

ffierf  d  ri  vcrT out  Proce^s  clearing  them  was,  by  applying  the  power  of 
battering-rams  to  the  fldes  of  the  outer  ends  of  the  horizontal 
wedges;  alternate  blows  being  given  fore  and  aft;  by  which 
means  they  immediately  receded,  and  the  vertical  wedges 
were  difengaged.  It  was  obferved,  even  in  this  fmall  fliip, 
that  the  block  which  was  formed  of  horizontal  wedges  of  nine 
degrees,  came  away  much  ealier  than  thofe  of  feven,  and  the 
one  of  feven,  than  that  of  five.  In  removing  the  aforefaid 
blocks  by  the  power  of  the  battering-rams,  which  were  fuf- 
pended  in  the  hands  of  the  men  employed,  by  their  holding 
ropes  palled  through  holes  for  that  purpofe,  it  was  remarked 
by  Mr.  Seppings,  that  the  operation  was  very  laborious  to 
the  people  ;  they  having  to  fupport  the  weight  of  the  batter¬ 
ing-rams,  as  well  as  to  fet  them  in  motion.  He  then  con¬ 
ceived  an  idea  of  affixing  wheels  near  the  extremity  of  that 
part  of  the  rams,  which  flrikes  the  wedges.  This  was  done 
before  the  blocks  were  again  placed  ;  and  it  has  fince  been 
found  fully  to  anfwer  the  purpole  intended,  particularly  in 
returning  the  horizontal  wedges  to  their  original  fituations, 
when  the  work  is  performed  for  which  they  were  dilplaced  ; 
the  wheels  alio  giving  a  great  increafe  power  to  the  rams,  and 
decreafe  of  labour  to  the  artificers ;  belides  which,  the  blows 
are  given  with  much  more  exa&nefs.  The  fame  blocks  were 
again  laid  in  another  dock,  in  which  a  two-decked  fliip  of 
the  line  was  docked.  On  examination  they  were  found  to 
be  very  feverely  prefled,  but  were  removed  with  great  eafe. 
They  were  again  placed  in  another  dock,  in  which  a  three¬ 
decked  fliip  ot  the  line  was  docked.  This  fliip  having  in  her  fore- 
maft  and  bowfprit,  the  blocks  were  put  quite  forward,  that  being 
the  part  which  preffes  them  with  the  greateft  force.  As  foon  as 
the  water  was  out  of  the  dock,  it  was  obferved,  that  the  ho- 
oMhe  vetr-fwas  r‘zontal  wedges  of  nine  and  feven  degrees  had  receded  fome 
capable  of  preflT-  feet  from  their  original  fituations.  This  afforded  Mr.  Seppings 
weVe/ a  fatisfaaory  proof,  which  experience  has  fince  demonflrated, 

(though 


fupported  on 
wheels. 


Other  experi¬ 
ments. 


It  was  found 
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(though  many  perfons  before  would  not  admit  of,  and  others 
could  not  underftand,  the  principle)  that  the  facility  ot  le- 
moving  the  blocks  or  wedges,  was  proportionate  to  the 
quantity  of  prelfure  upon  them.  The  block  of  five  degrees  an^thenEfore^ 
kept  its  place,  but  was  immediately  cleared,  by  applying  the  tIie  proper  angjc 
power  of  the  battering-rams  to  the  hides  of  the  outer  ends  of  they  would  be 
the  horizontal  wedges.  The  above  experiments  being  com-  aiway/capabicof 
municated  to  the  Navy  Board,  Mr.  Seppings  wras  directed  to  being  driven  out, 
attend  them,  and  explain  the  principle  ot  his  invention  ; 
which  explanation,  farther  corroborated  by  the  teftimonials  of 
his  then  fuperior  officers,  wras  lo  (atisfaClory,  that  a  dock  wa9 
ordered  to  be  fitted  at  Plymouth  under  his  immediate  direc¬ 
tions.  The  horizontal  wredges  in  this,  and  in  the  other  docks,  The  beft  angle  is 
that  were  afterwards  fitted  by  him,  are  of  caft  iron,  with  an  for  caft*ron 
angle  of  about  five  degrees  and  a  half,  which,  from  repeated  wedges, 
trials,  are  found  equal  to  any  prelTure,  having  in  no  infiance 
receded,  and,  when  required,  w’ere  ealily  removed,  i  he 
vertical  wredge  is  of  wood,  lined  with  a  plate  of  wrought 
iron,  half  an  inch  thick.  On  the  bottom  of  the  dock,  in 
the  wake  of  each  block,  is  a  plate  of  iron  three  quarters  of 
an  inch  thick,  fo  that  iron  at  all  times  a&s  in  contaa  with 
iron. 

The  placing  the  fufiaining  fhores,  the  form  and  ltzes  of  the 
wedges,  and  battering-rams,  &c.  alio  the  procels  ot  taking 
away,  and  again  re-placing,  the  wedges  of  which  the  block 
is  compofed,  are  alfo  exemplified  by  a  model. 

The  dock  being  prepared  at  Plymouth,  in  Auguft,  1 801,  A  large  80  gun 
the  Canopus,  a  large  French  80-gun  fliip,  was  taken  in,  anc^  by  Pthis  method, 
reffed  upon  the  blocks ;  and  the  complete  lucceis  ot  the  ex¬ 
periment  was  fuch,  that  other  docks  were  ordered  to  be 
fitted  at  Sheernefs  and  Portfmouth  dock-yards,  under  Mr. 

Seppings's  directions.  At  the  former  place  a  frigate,  and  at 
the  latter  a  three-decked  (hip,  were  fut pended  in  like  manner. 

This  happened  in  December,  1802,  and  January,  1803  ;  and 
the  reports  were  fo  favourable,  as  to  caufe  directions  to  be 
given  for  the  general  adoption  of  thefe  blocks  in  his  Majefty's 
yards.  This  invention  being  thought  of  national  confequence, 
with  refpeCt  to  fliips,  but  particularly  thofe  of  the  navy, 
government  has  been  pleafed  to  notice  and  rewaul  Mr.  Sep¬ 
pings  for  it. 

The  time  required  to  difengage  each  block,  is  from  one  to  Each  block  may 
three  minutes  after  the  tliores  are  placed :  and  a  firft-rale  fits 

on 


It  is  not  re¬ 
quired  to  fllf- 
pend  the  ftiip  in 
all  cafes.  Eor 
the  repairs  may 
he  done  by  fuc- 
ceflive  removal 
of  blocks. 


The  lifting  of 
fhips  was  a  fre¬ 
quent  operation 
in  the  navy. 
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This  invention 
is  of  value  in 
other  under¬ 
takings. 


Fid  of  a  top 
gallant  maft, 


applied  by 
C apt.  Wells. 


Manoeuvre  of 
ftiiking  the 
maft,  See. 
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on  about  fifty  blocks,  Various  are  the  caufes  for  which  ^ 
fliip  may  be  required  to  be  cleared  from  her  blocks,  viz.  to 
(hi ft.  the  main  keel  ;  to  add  additional  falfe  keel  ;  to  repair 
defeats  ;  to  caulk  the  garboard  (earns,  fcarples  of  the  keel. 
Sec.  Irn perfections  in  the  falfe  keel,  which  are  fo  very  in¬ 
jurious  to  the  cables,  can  in  the  largeft  fliip  be  remedied  in  a 
few  hours  by  this  invention,  without  adding  an  additional 
fhore,  by  taking  away  blocks  forward,  amid-fliips,  and  abaft, 
at  tli.e  fame  time;  and  when  the  keel  is  repaired  in  the  wake 
of  thofe  blocks,  by  returning  them  into  their  places,  and  then 
by  taking  out  the  next,  and  fo  on  in  fucceflion.  The  blocks 
can  b'e  replaced  in  their  original  fituations,  by  the  application 
of  the  wheel  battering-rams  to  the  wedges,  the  power  of 
which  is  fo  very  great,  that  the  weight  of  the  fliip  can  be 
taken  from  the  fhores  that  were  placed  to  fu llain  her.  There 
were  one  hundred  and  fix  fhips  of  different  claffes,  lifted  at 
Plymouth  dock-yard,  from  the  Iff  of  January,  1798,  to  the 
81fl  of  December,  1800;  and,  had  the  operation  of  lifting 
taken  Iefs  time,  the  number  would  have  been  very  confider- 
ably  increafed  ;  for  the  faving  of  a  day  is  very  frequently  the 
caufe  of  faving  the  fpring  tide,  which  makes  the  difference 
of  a  fortnight.  The  importance  of  this  expedition,  in  time  of 
war,  cannot  be  fufficiently  eftimated. 

This  invention  may  be  applied  with  great  advantage, 
whenever  it  is  nepeffary  to  ere£t  fhores,  to  fupport  any  great 
weights,  as,  for  inftance,  to  prop  up  a  building  during  the 
repair  of  its  foundation,  & c.  Captain  Wells,  of  his  Ma- 
jeftyks  fliip  Glory,  of  98  guns,  ufed  wedges  of  Mr.  SeppingsV 
invention  for  a  fid  of  a  top-gallant  maft  of.  that  fliip.  In  J808, 
the  top-gallant  malls  of  the  Defence,  of  74  guns,  were  fitted 
on  this  principle  by  Mr.  Seppings  :  and,  from  repeated  trials, 
fince  file  has  been  cruizing  in  the  North  Sea,  the  wedge  fids 
have  been  found  in  every  refpeCt  to  anfvver. 

But  it  is  Mr.  Seppings’s  with  that  it  Ihould  be  underfiood, 
that  the  idea  of  applying  this  invention  to  the  fid  of  a  top¬ 
gallant  mall  originated  with  Capt.  Wells,  who  well  under- 
ltood  the  principle,  and  had  received  from  him  a  model  of  the 
invention. 

When  it  is  required  to  ftrike  a  lop.gallant  mafl,  the  top 
ropes  are  hove  tight,  and  the  pin  which  keeps  the  horizontal 
wedges  in  their  place,  is  taken  out,  by  one  man  going  aloft 
for  that  purpofe ;  the  other  horizontal  wedge  is  worked  in  the 

’  *  fid 
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■fid,  as  flhown  in  the  drawing  and  model  that  accompany  this 
ftatement.  The  upper  part  of  the  fid  hole  is  cut  to  form  fhe 
vertical  wedge.  The  advantage  derived  tiom  lidding  top- 
gallant  mads  in  this  way  is,  that  they  can  be  li  ruck  at  th*  flacking  the 
(horteft  notice,  and  without  flacking  the  rigging,  which  is  rigging, 
frequently  the  caufe  of  fp ringing  and  carrying  them  away, 
particularly  thofe  with  long  pole  heads.  The  angle  of  the 
horizontal  wedges  for  the  fids  of  mads  ftvould  be  about  twenty 
degrees. 

The  above  .Account  was  accompanied  with  Certificates Certhzcatqs* 
from  Sir  John  Henflovv,  Surveyor  ol  the  Navy  ;  Mr.  M. 

Didram,  mader-fliipwright  of  Porlfmouth-Yard  ;  and  Mr. 

John  Carpenter,  foreman  of  Sheernefs  Dock-yard,  confirming 
Mr.  Seppings’s  Aatement. 


'Reference  to  the  Engraving  of  Mr.  Seppmgfs  method  of  obviating 
the  necejfity  of  lifting  Ships.  Plate  XI. 

This  plan  and  fedtion  of  a  feventy-four  gun  (hip  defcribes 
the  method  of  obviating  the  neceflity  of  lifting  Upps,  when  piate#  &c# 
there  may  be  occafion  to  put  additional  falfe  keels  to  them, 
or  to  make  good  the  imperfections  of  thofe  already  on  ^  alio 
when  it  maybe  neceflary  to  caulk  the  garboard  feams,  fcarples 
the  keel,  &c.  by  which  means  a  very  conflderable  part  of  the 
expenfe  will  be  faved,  and  much  time  gained.  1  he  blocks 
are  cleared,  and  again  returned  by  the  following  procefsf.  A 
fufficient  number  of  (bores  are  placed  under  the  ihip  to  iuftain 
her  weight,  and  (et  taught,  flalioned  as  near  the  keel  as 
the  working  of  the  battering-rams  fore  and  aft  will  admit. 

Avoid  placing  any  oppofite  the  blocks,  as  they' would  in  that  Inftru&ions. 
cafe  hinder  the  return  of  the  wedges  with  the  battering-rams. 

A  blow  mud  then  be  given  forward  on  the  outer  end  of  the 
iron  wedges  with  the  battering-rams  in  a  fore  and  aft  direc¬ 
tion,  which  will  caufe  them  to  Aide  aft,  as  fhown  in  the  plan. 

The  battering  rams  abaft  then  return  the  blow,  and  the 
wedges  again  come  forward ;  by  the  repetition  of  this  opera¬ 
tion,  the  wedges  will  be  with  great  eafe  cleared,  and  the 
angular  block  on  the  top  will  drop  down.  When  the  work 
is  performed,  the  block  mull  be  replaced  under  the  keel, 
and  the  wedges  driven  back  by  working  the  rams  athwart- 
flnps,  as  defcribed  ill  the  fection. 


N.  B.  In 
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K.  B.  In  returning  the  iron  wedges,  to  avoid  graining  the 
angular  blocks,  it  is  propofed  to  leave  a  few  ol  them  out 
forward  and  aft,  and  flop  the  Ihip  up,  by  laying  one  iron 
wedge  on  the  other,  as  fhown  at  f  ig.  1,  Plate  XI. 

To  facilitate  the  bufinefs,  blocks  may  be  cleared  forward 
and  aft  at  the  lame  time,  fufticient  to  get  in  place  one  length 
ot  falfe  keel.  It  the  falfe  keel  fhould  want  repairing,  it  may 
be  done  without  any  additional  fhores,  by  clearing  one  block 
at  a  lime,  and  when  the  keel  is  repaired  in  the  wake  of  that 
block,  return  the  wedges,  as  above  directed,  and  clear  the 


G.  Angular  blocks  with  a  half-inch  iron-plate  bolted  to  them. 

H.  Caft-iron  w?edges. 

I.  Iron  plate  of  three-fourths  of  an  inch  thick  on  the  bottom 
of  the  dock. 

K.  Battering-rams,  with  wheels,  and  ropes  for  the  hands. 

L.  Caft-iron  wedges,  having  received  a  blow  from  forward. 

M.  Shores  under  the  ftiip  to  luftain  her  weight. 

Fig.  3,  represents  part  of  a  top-gallant  maft  fitted  with  a 
wedge  fid. 

a.  Top 

b.  Fid, 

c.  Moveable  wedge,  with  the  iron  ftrap  and  pin  over  it,  to 
keep  it  in  its  fituation. 

d.  Truflel  trees. 


gallant  maft. 

with  one  horizontal  wedge  w  orked  on  it. 


next,  &c. 

Section  and  Plan.  Plate  XI,  Fiz,2, 

A.  Keelfon. 

*B.  Ceiling. 

C.  *  Floor  timber. 

D.  Dead  or  rifing  wood. 

E.  Plank  of  the  bottom. 

F.  Keel  and  falfe  keel. 
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VII. 


On  mufcular  Motion .  By  Anthony  Carlisle,  Efq.  F.  R.$. 
being  the  Croonian  LeFture ,  read  before  the  lloyaL  Society, 
November  3,  lbOt, 


A.NIMAL  phyfiology  has  derived  feveral  illuftrations  and 
additions,  from  the  inftitution  of  this  lecture  On  mufcular 
motion  ;  and  the  details  of  anatomical  knowledge  have  been 
confiderably  augmented  by  defcriptions  of  mufcular  parts 
before  unknown. 

Still,  however,  many  of  the  phenomena  of  mufcles  remain 
unexplained,  nor  is  it  to  be  expected  that  any  fudden  inlulat- 
ed  difcovery  {hall  iolve  fuch  a  variety  of  complicated  appear- 


Introdu&ion, 


3nces. 

Mufcular  motion  is  the  firft  fenfible  operation  of  animal  Mufcular  mo- 
life  :  the  various  combinations  of  it  fuftain  and  carry  on  the  t,on* 
multiplied  fun&ions  of  the  largeft  animals:  the  temporary, 
ceffation  of  this  motive  faculty  is  the  fufpenfion  of  the  living 


powers,  its  total  q.uiefcence  is  death. 

By  the  continuance  of  patient,  well  dire&ed  refearches,  it  is 
reafonable  to  expect  much  important  evidence  on  this  fubjedt 
and,  from  the  improved  hate  of  collateral  branches  of  know¬ 
ledge,  together  with  the  addition  of  newfources,  and  methods 
of  ihveftigation,  it  may  not  be  unreafonable  to  hope  for  an 
ultimate  folution  of  thefe  phenomena,  no  lefs  complete, 
and  coniiftent,  than  that  of  any  other  defideratum  in  phyftcal 
fcience. 

The  prcfent  attempt  to  forward  fuch  defigns  is  limited  to 
Circumftances  which  are  connedtcd  with  mufcular  motion,  con- 
fidered  as  caufes,  or  rather  as  a  leries  of  events,  all  of  which 


contribute,  more  or  lefs,  as  conveniencics,  or  eflcntial  requi¬ 
res,  to  the  phenomena;  the  details  of  mufcular  applications 
being  diftina  from  the  objefts  of  this  leaure. 

No  fatisfaaory  explanation  has  yet  been  given  of  the  hate  Neither  the 
or  changes  which  obtain  in  mufcles  during  their  contractions  d"r;„s 

trr  relaxations,  neither  are  their  correfponding  conneaions  aftion,  nor  their 
with  the  vafeuiar,  refpiratory,  and  nervous  fyftems,  fufficiently 
traced,  Thefe.fubjeas  are  therefore  open  tor  the  prefent  en-  of  the  fyftem 
quiry/and,  although  I  may  totally  fail  in  this  attempt  to  elu-  have  be« 
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*rhc  mufcle  it- 
itlf  is  ftbrous. 


Tti-c  enveloping 
membune  is 

clafiic. 


Mufcles  are  ir¬ 
ritable  during 
life. 


They  have  lefs 
cohelion  length¬ 
ways  when 
dead. 

Experiment  in 
proof. 


repeated. 


cidate  any  one  of  the  fubje&s  propofed,  neverthelefs  I  (hall 
not  efteem  my  labour  ufelels,  or  (he  lime  of  the  Royal  Society 
altogether  unprofitably  conlumed,  il  I  lucceed  in  pointing  out 
tlie  way  to  the  future  attainment  of  knowledge  lo  deeply  in- 
tereffing  to  mankind. 

The  mufcular  parts  of  animals  are  mod  frequently  com- 
pofed  ol  many  lubflances,  in  addition  to  thole  which  are  purely 
mufcular.  In  this  grois  date,  they  conditute  a  flexible,  coih- 
predihle  folid,  whole  texture  is  generally  fibrous,  the  fibres 
being  compared  into  faiciculi,  or  bundles  ol  various-  thickrvefs* 
J  hele  fibres  are  eladic  during  the  contracted  date  ot  mufcles- 
after  death,  being  capable  of  exlenfion  to  more  than  one-fifth 
of  their  length,  and  of  returning  again  to  their  former  date  of 
contraction. 

This  elafiicity,  however,  appears  to  belong  to  the  enveloping 
reticular  or  cellular  membrane,  and  it  may  be  lafely  adiimeci 
that  the  intrinfic  matter  of  mufcle  is  not  eladic. 

The  attraction  of  cohelion,  in  the  parts  of  mufcle,  is  flrongefi 
in  the  direction  of  the  fibres,  it  being  double  that  of  the  con* 
trary,  or  tranfverfe  direction. 

When  mulcles  are  capable  of  reiterated  contractions  and 
relaxations,  they  are  laid  to  be  alive,  or  to  poffefs  irritability. 
This  quality  fits  the  organ  for  its  functions.  Irritability  will  be 
confidered,  throughout  the  prefent  leCture,  as  a  quality  only. 

W  hen  mufcles  have  ceafed  to  be  irritable,  their  cohefive 
attraction  in  the  direction  of  their  fibres  is  diminiflied,  but  it 
remains  unaltered  in  the  tranfverfe  direction. 

The  hinder  limbs  of  a  fiog  attached  to  the  pelvis  being 
dripped  of  the  fkin,  one  of  them  was  immerfed  in  water  at 
]15°  of  Fahrenheit,  during  two  minutes,  when  it  ceafed  to 
be  irritable.  The  thigh  bones  were  broken  in  the  middle, 
without  injuring  the  mulcles,  and  a  (cale  affixed  to  t he  ancle 
of  each  limb:  a  tape  palled  between  the  thighs  was  employed 
to  fulpend  the  apparatus.  Weig  as  were  gradually  introduced 
into  each  (cale,  until,  with  five  pounds  avoirdupois,  the  dead 
thigh  was  ruptured  acrofs  the  llelliy  bellies  of  its  mufcles. 

The  irritable  thigh  iudained  fix  pounds  weight  avoirdupois, 
and  was  ruptured  in  the  lame  manner.  "This  experiment  was 
repeated  on  other  frogs,  where  one  limb  had  been  killed  by  a 
watery  dilution  of  opium,  and  on  another  where  dfential  oil 

of 
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of  cherry  laurel  *  was  employed  :  in  each  experiment,  the 
irritable  limb  fuftained  a  weight  one-fixih  heavier  than  the 
dead  limb.  , 

It  may  be  remarked,  in  confirmation  of  thefe  experiments,  The  fame  doc- 
that  when  mufcles  act  more  .powerfully*  or  more  rapidly,  than 
is  equal  to  the  flrength  of  the  fuftaining  parts,  they  do  not  living  fubjeft. 
ulually  rupture  their  flefliy  fibres,  but  break  their  tendons,  or 
even  art  intervening  bone,  as  in  the  inilanees  of  ruptured  tendo 
achillis,  and  fru&ured  patel la.  Inftances  have  however  oc¬ 
curred,  wherein  the  flefliy  bellies  of  mufcles  have  been 
lacerated  by  fpalmodic  actions;  as  in  tetanus  the  re6ti  abdo¬ 
minis  have  been  torn  afunder,  and  the  gastrocnemii  in  cramps  ; 
but  in  thofe  examples  it  feems  that  either  the  antagonifls  pro¬ 
duce  the  effect,  or  the  over-excited  parts  tear  the  lets  excited 
in  the  fame  mutcle.  From  whence  it  may  be  inferred,  that  (he 
attraction  of  cohefion  in  the  matter  of  mufcle  is  confiderably 
greater  during  the  act  of  contracting,  than  during  the  paftive 
itate  of  tone,  or  irritable  quielcence,  a  fact  which  has  been 
always  affirmed  by  anatomifts  from  the  determinate  forces 
which  mufcles  exert. 

The  mufcular  parts  of  different  clafTes  of  animals  vary  in  Differences 

colour  and  texture,  and  not  unfrequentlv  thofe  variations  occur  °bferveabie  in 

1  J  the  colour,  tex- 

in  the  fame  individual.  ture,  &c.  of 

The  mufcles  of  fifties  and  vermes  are  often  colourlefs,  mufcular  parts. 

thofe  of  the  mammalia  and  birds  being  always  red  ;  the  am¬ 
phibia,  the  accipenfer,  and  fqualus  genera,  have  frequently 
both  red  and  colourlefs  mufcles  in  the  fame  animal. 

Some  birds,  as  the  black  game +,  have  the  external  pe&orai 
mufcles  of  a  deep  red  colour,  whilft  the  internal  are  pale. 

In  texture,  the  fafciculi  vary  in  thicknefs,  and  the  reticular 
membrane  is  in  feme  parts  coarfe,  and  in  others  delicate:  the 
heart  is  always  compacted  together  by  a  delicate  reticular 
membrane,  and  the  external  glutrei  by  a  courier  fpecies. 

An  example  of  the  origin  of  mulcle  is  prefented  in  the  Origin  of  mnfele 
hiffory  of  the  incubated  egg,  but  whether  the  rudiments  of 
the  punCtum  (aliens  be  part  of  the  cicatricula  organifed  by  the 
parent,  or  a  ftruCiure  refulting  from  the  firff  procefs  of  incu¬ 
bation,  may  be  doubtful :  the  little  evidence  to  be  obtained  on 
this  point  feems  in  favour  of  the  former  opinion ;  a  regular 
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Mufclte  of  birds 
are  formed  out 
of  the  albumen, 
with  a  fmall 
portion  of  vitellus 
and  atmof.  fluid. 


and  they  do  not 
differ  from  thofa 
of  the  mammalia. 


Mufcular  fibre 
is  cylindricj 
membranou* 
without,  and 
pulpy  within. 


The  ultimate 
fibres. 
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confirmation  of  which  would  improve  the  knowledge  of  animal 
generation  by  (hewing  that  it  is  gemmiferous.  1'here  are  fut- 
ficient  analogies  of  this  kind  in  nature,  it  reafoning  from 
analogies  were  proper  for  the  prefent  occafion. 

The  pun&um  faliens,  during  its  firft  actions,  is  not  encom- 
pafled  by  any  fibres  dileoverable  with  microlcopes,  and  the 
vafcular  fyftem  is  not  then  evolved,  the  blood  flowing  lor- 
wards  and  backwards,  in  the  lame  vclfels.  The  commence¬ 
ment  of  life  in  animals  of  complex  ftructure  is,  from  the 
preceding  fact,  like  the  ultimate  organization  ot  the  fimpler 
daffies. 

It  is  obvious  that  the  mufcles  of  birds  are  formed  out  of  the 
albumen  ovi,  the  vitellus,  and  the  atmofpheric  air,  a6ted  upon 
by  a  certain  temperature.  The  albumen  ot  a  bird's  egg  is 
wholly  confumed  during  incubation,  and  the  vitellus  little  di- 
minilhed,  proving  that  the  albumen  contains  the  principal 
elementary  materials  of  the  animal  thus  generated  ;  and  it 
follows  that  the  mufcular  parts,  wdiicli  conftitute  the  greater 
proportion  of  fuch  animals  when  hatched,  are  made  out  ot  the 
albumen,  a  fmall  portion  of  the  vitellus,  and  certain  elements, 
or  fmall  quantities  of  the  whole  compound  of  the  atmolphere. 

The  mulcles  of  birds  are  not  different,  in  any  refped,  from 
thofeof  quadrupeds  of  the  clafs  of  mammalia. 

The  anatomical  tlrudture  of  mulcular  fibres  is  generally 
complex,  as  thofe  fibres  are  connected  with  membrane,  blood- 
veffiels,  nerves,  and  lymphacducls ;  which  teem  to  be  only 
appendages  of  convenience  to  the  elfential  matter  ot  mufcle. 

A  mufcular  fibre,  duly  prepared  by  waffling  away  the  ad¬ 
hering  extraneous  fubflances,  and  expoled  to  view  in  a  power¬ 
ful  microfcope,  is  undoubtedly  a  folid  cylinder,  the  covering 
of  which  is  reticular  membrane,  and  the  contained  part  a  pulpy 
fubflance  irregularly  granulated,  and  ot  little  cohefive  power 
when  dead* 

A  difficulty  has  often  fubfifted  among  anatomifls  concerning 
the  ultimate  fibres  of  mulcles ;  and,  becaule  ol  their  tenuity, 
tome  perfons  have  confidered  them  infinitely  divifibie,  a 
polition  which  may  be  contradicted  at  any  time,  by  an  hour’s 
labour  at  the  microlcope. 

The  arteries  arborelce  copioufly  upon  the  reticular  coat  of 
tlt£-  mufcular  fibre,  and  in  warm-blooded  animals  thele  vellels 
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are  of  fufficient  capacity  to  admit  the  red  particles  of  blood, 
but  the  intrintic  matter  of  mufcle,  contained  within  the  ultimate 
cylinder,  lias  no  red  particles. 

Tlie  arteries  of  mufcles  anaflomofe  with  correiponding 
veins ;  but  this  courfe  of  a  continuous  canal  cannot  be  (up- 
poled  to  act  in  a  diredt  manner  upon  the  matter  ot  mulcle. 

The  capillary  arteries  terminating  in  the  mufcular  fibre 
mu(i  alone  effect  all  the  changes  of  increale  in  the  bulk,  or 
number,  of  fibres,  in  the  replenifhment  ot  exhaufted  materials, 
and  in  the  repair  of  injuries;  fome  of  thefe  neceflities  may  be 
fuppoled  to  be  continually  operating.  It  is  well  known,  that 
the  circulation  of  the  blood  is  not  eflential  to  mufcular  action  ; 
fo  that  the  mode  of  diftribution  of  the  blood  vetfels,  and  the 
differences  in  their  fize,  or  number,  as  applied  to  mufcles,  can 
only  be  adaptations  to  fome  fpecial  convenience. 

Another  prevalent  opinion  among  anatomifb,  is  the  infinite  Vafcularjtyis 
extension  of  vafcularity,  which  is  contradicted  in  a  dnect  perc'^tely  *  ^ 
manner  by  comparative  refearches.  The  feveral  parts  of  a  limited, 
quadruped  are  lenfibly  more  or  lefs  vafcular,  and  of  different 
contextures;  and,  admitting  that  the  varied  diameter  of  the 
blood  veffels  difpofed  in  each  fpecies  of  fubftance,  were  to  be 
conftituLed  by  the  grofs  fenfible  differences  of  their  larger 
veffels  only,  yet,  if  the  ultimate  veffels  were  in  all  cafes 
equally  numerous,  then  the  foie  remaining  caufe  of  diflimi- 
larity  would  be  in  the  comparing  of  the  veffels.  The  vafa 
vaforum  of  the  larger  trunks  furnifh  no  reafon,  excepting  that 
of  a  loofe  analogy,  for  the  fuppofition  of  vafa  vaforum  ex¬ 
tended  without  limits.  Moreover,  the  circulating  fluids  of  all 
animals  are  compofed  of  water,  which  gives  them  fluidity,  and 
of  animalized  particles  of  defined  configuration  and  bulk;  it 
follows  that  the  veffels  through  which  fuch  fluids  are  to  pafs, 
muff  be  of  fufficient  capacity  for  the  fize  of  the  particles,  and 
that  fmaller  veffels  could  only  filtrate  water  devoid  of  fuch 
animal  particles  :  a  pofition  repugnant  to  all  the  known  fads 
of  the  circulation  of  blood,  and  the  animal  economy. 

The  capillary  arteries  which  terminate  in  the  mufculai  fibre.  Capillary  arteries, 
mufl  be  fecretory  veffels  for  depofiting  the  mufcular  matter, 
the  Ivmphaeduds  ferving  to  remove  the  fuperfluous  extrava- 
fated  watery  fluids,  and  the  decayed  fubftances  which  are 
unfit  for  ufe. 
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The  lymphaeduds  are  not  fo  numerous  as  the  blood  veflels, 
and  certainly  do  not  extend  to  every  mufeular  fibre:  they 
appear  to  receive  their  contained  fluids  from  the  interflicial 
fpaces  formed  by  the  reticular  or  cellular  membrane,  and 
not  from  the  projecting  open  ends  of  tubes,  as  is  generally 
reprefented.  This  mode  of  receiving  fluids  out  of  a  cellular 
firudure,  and  conveying  them  into  cylindrical  veflels,  is  ex¬ 
emplified  in  the  corpora  cavernofa,  and  corpus  ipongiolum 
penis,  where  arterial  blood  is  poured  into  cellular  or  reticular 
cavities,  and  from  thence  it  pafles  into  common  veins  by  the 
gradual  coardation  of  tiie  cellular  canals. 

In  the  common  green  turtle,  the  ladeal  veflels  univerfally 
arife  from  the  loole  cellular  membrane,  fituated  between  the 
internal  fpongy  coat  of  the  inteftines  and  the  mufeular  coat. 
The  cellular  firudure  may  be  filled  from  the  ladeals,  or  the 
ladeals  from  the  cellular  cavities.  When  injecting  the  fmaller 
branches  of  the  Iymphmduds  retrograde  in  an  erdematous 
human  leg,  I  faw,  very  diftmdly,  three  orifices  of  tbefe  veflels 
terminating  in  the  angles  of  the  cells,  into  which  the  quick- 
filver  trickled.  The  preparation  is  preferved,  and  a  drawing  ol 
the  appearance  made  at  the  time.  It  wasalfo  proved,  by  many 
experiments,  that  neither  the  lymphmduds,  nor  the  veins, 
have  any  valves  in  their  minute  branches. 

The  nerves  of  voluntary  mufcles  feparate  from  the  fame 
bundles  of  fibrils  with  the  nerves  which  are  diflribuled  in  the 
fkin,  and  other  parts,  for  fenfation  ;  but  a  greater  proportion 
of  nerve  is  appropriated  to  the  voluntary  mufcles,  than  to  any 
other  fubfiances,  the  organs  of  the  fenfes  excepted. 

The  nerves  of  volition  all  arife  from  the  parts  formed  by 
the  jundion  of  the  two  great  mafles  of  the  brain,  called  the 
Cerebrum  and  Cerebellum,  and  from  the  exteniion  of  that 
fubfiance  throughout  the  canal  of  the  vertebra?.  Another 
clafs  of  mufcles,  which  are  not  fubjed  to  the  will,  are  fupplied 
by  peculiar  nerves;  they  are  much  fmaller,  in  proportion  to 
the  bulk  of  the  parts  on  which  they  are  diftributed,  than  ihofe 
of  the  voluntary  mufcles ;  they  contain  lets  of  the  white 
opaque  medullary  fubfiance  than  the  other  nerves,  and  unite 
their  fibrils,  forming  numerous  anafiomofes  with  all  the  other 
nerves  of  the  body,  excepting  thofe  appropriated  to  the  organs 
of  the  fenfes.  There  are  enlargements  at  feveral  of  thefe 

jundions. 


ON  MUSCULAR  MOTION. 


195 


junctions,  called  Ganglions,  and  which  are  compofed  of  a  Jefs Ganglions, 
proportion  of  the  medullary  fubftance,  and  their  texture  is 
firmer  than  that  of  ordinary  nerves. 

The  terminal  extremities  of  nerves  have  been  ufually  Con-The  extremity* 
fidered  of  unlimited  extenfion  ;  by  accurate  difie&ion  h ° w- 
ever,  and  the  aid  of  magnifying  glades,  the  extreme  fibrils  of  termination* 
nerves  are  eafily  traced  as  far  as  their  fenfible  properties,  and 
their  continuity  extends.  The  fibrils  ceale  to  be  fubdivided 
whilft  perfectly  vifible  to  the  naked  eye,  in  the  voluntary 
mufcles  of  large  animals,  and  the  (paces  they  occupy  upon 
fuperficies  where  they  feem  to  end,  leave  a  remarkable  excels 
of  parts  unoccupied  by  thofc  fibrils.  The  extreme  fibrils  of 
nerves  lofe  their  opacity,  the  medullary  fubftance  appears  (oft 
and  tranfparent,  the  enveloping  membrane  becomes  pellucid, 
and  the  whole  fibril  is  deftitute  of  the  tenacity  neceffary  to 
preferve  its  own  diftin&nefs ;  it  feems  to  be  dilfufed  and 
mingled  with  the  fubftances  in  which  it  ends.  Thus  the  ulti¬ 
mate  terminations  of  nerves  for  volition,  and  ordinary  fenfation, 
appear  to  be  in  the  reticular  membrane,  the  common  covering 
of  all  the  different  fubftances  in  an  animal  body,  and  the  con¬ 
necting  medium  of  all  diftimilar  parts. 

Bv  this  ft m pie  difpofition,  the  medullary  fubftauce  of  nerve Diffufion  of  nef* 
j  r  *  ^  vous  matter, 

is  fpread  through  all  organized,  fenfible,  or  motive  parts* 

forming  a  continuity  which  is  probably  the  oecafion  of  fym- 

palhv.  Peculiar  nerves,  fuch  as  the  firft  and  fecond  pairs, 

and  the  portio  mollis  of  the  feventh,  terminate  in  an  expanfe 

of  medullary  fubftance  which  combines  with  other  parts  and 

membranes,  ftill  keeping  the  fenfible  excefs  of  the  peculiar 

medullary  matter. 

The  peculiar  fubftance  of  nerves  muft  in  time  become  inef-Reftoratic**  or 
ficient ;  and,  as  it  is  liable  to  injuries,  the  powers  of  reftoration,rep3ir  of  nerm’ 
and  repair,  are  extended  to  that  material.  The  re-union  of 
nerves  after  their  divifion,  and  the  reproduction  after  part  of  a 
nerve  has  been  cut  away,  have  been  eftabliftied  by  decifive 
experiments.  Whether  there  is  any  new  medullary  fubftance 
employed  to  fill  up  the  break,  and,  if  fo,  whether  the  new 
fubftance  be  generated  at  the  part,  or  protruded  along  the 
thsca  from  the  brain,  are  points  undetermined,  the 
hiftory  of  the  formation  of  a  foetus,  the  ftru&ure  of  certain 
tnonfters,  and  the  organization  of  fimple  animals,  all  feem  to 
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favour  the  probability,  that  the  medullary  matter  of  nerves  is 
formed  at  the  parts  where  it  is  required,  and  not  in  the  prin¬ 
cipal  feat  ot  the  cerebral  medulla. 

Whether  the  This  doctrine,  clearly  edablifhed,  would  lead  to  the  belief 

liTnot  extend  a  very  extei,ded  commixture  of  this  peculiar  matter  in  all 

lively  mixed  in  the  (entible  and  irritable  parts  of  animals,  leaving  the  nerves 
aliirntab.e  parts.  jn  j|iejr  1  i  mi  ted  diftribulion,  the  fimple  office  of  conveying  im- 
preffions  from  the  two  tentient  maffes  with  which  their  ex¬ 
tremities  are  connected.  The  mod  fimple  animals  in  whom 
no  vifible  appearances  of  brain  or  nerves  are  to  be  found,  and 
no  iibrous  arrangement  of  mufcles,  may  be  confidered  of  this 
delcription :  Mr.  John  Hunter  appeared  to  have  had  tome 
incomplete  notions  upon  this  fubject,  which  may  be  gathered 
from  his  reprelentation  of  a  materia  vitae  in  hisTreatife  on  the 
Blood,  8zc.  Perhaps  it  would  be  more  proper  to  didinguifti 
the  peculiar  matter  of  mufcle  by  fome  fpeeifie  term,  fuch,  for 
example,  as  materia  contra&ilis. 

Peculiar  adapta-  A  particular  adaptation  for  the  nerves  which  fupply  the 
r'erv^of  eled-'''  e^e^r‘ca^  batteries  of  the  torpedo,  and  gym  not  u-s,  isobfervable 
animals.  on  the  exit  of  each  from  the  lkull ;  over  which  there  is  a  firm 

cartilage  a6ling  as  a  yoke,  with  a  mufcle  affixed  to  it,  for  the 
obvious  purpole  of  compreffion  :  fo  that  a  voluntary  mufcle 
probably  governs  the  operations  of  the  battery. 

idle  matter  of  the  nerves,  and  brain,  is  very  fimilar  in  all 


the  different  clafles  of  animals. 

J  he  external  configuration  of  animals  is  not  more  varied 
than  their  internal  ffruclure. 


Configuration  The  bulk  of  an  animal,  the  limitation  of  its  exigence,  the 

and  ttrutture  of  jn  which  it  lives,  and  the  habits  it  is  dedined  to 

tfjc  venous 

ciaiFes  of  ani-  purlue,  are  each,  and  all  of  them,  to  many  indications  of  the 

mats.  complexity  or  fimplicity  of  their  iniernal  ftrudure.  It  is 

notorious  that  the  number  of  organs,  and  of  members,  is  varied 
in  all  the  different  claffes  of  animals ;  the  vafcular  and  nervous 
fydems,  the  refpiratory,  and  digedive  organs,,  the  parts  for 
procreation,  and  the  indruments of  motion,  are  feverally  varied. 
Very  fimple  an:-  and  adapted  to  the  condition  of  the  fpecies.  This  modification 
of  anatomical  dructure  is  extended  in  the  lowed  tribes  of  ani¬ 
mals,  until  the  body  appears  to  be  one  homogeneous  fubdance. 
The  cavity  for  receiving  the  food  is  indifferently  the  internal, 
ox  external  furlace,  for  they  may  be  inverted,  and  dill  con- 
w  .  .  .v  tinue 
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trntie  to  digeft  food  ;  the  limbs  or  tanlacula  may  be  cut  off, 
and  they  will  be  regenerated  without  apparent  inconvenience 
to  the  individual:  the  whole  animal  is  equally  fenfible,  equally 
irritable,  equally  alive:  its  procreation  is  gemmiferous.  Every 
part  is  pervaded  by  the  nutritious  juices,  every  part  is  aded 
upon  by  the  refpiralory  influence,  every  part  is  equally  capa¬ 
ble  of  motion,  and  ol  altering  its  figure  in  all  directions, 
whilft  neither  blood -vetlels,  nerves,  nor  mufcular  fibres,  are 
difcoverable  by  any  of  the  modes  of  invefiigation  hitherto 
inftituted. 

From  this  abffraCt  animal  (if  fuch  a  term  may  be  admitted)  *n  a!-  animal 

.  .  ,  f  ,r  ,  J  /-ftructurcs  dengn 

up  to  the  human  frame,  the  variety  of  aocetlory  parts,  ana  of  js  evidentt 

organs  by  which  a  complicated  machinery  is  operated,  exhibit 

infinite  marks  of  defign,  and  of  accommodations  to  the  pur- 

pofes  which  fix  the  order  of  nature. 

In  the  more  complicated  animals,  there  are  parts  adapted  In  the  more 

*  ,  '  .  complicated  ani- 

for  trivial  conveniences,  much  of  their  materials  not  being  ma|s  much  0f 

alive,  and  the  entire  offices  of  feme  liable  to  be  difpenfed  t'ie'r  naateriais 

_  ,  ,  .  .  .  n-  •  i  r  are  not  alive: 

with.  The  water  traivdufed  throughout  the  mterfiicial  (paces 

of  the  animal  fabric,  the  combinations  with  lime  in  bones, 
fhells,  and  teeth ;  the  horns,  hoofs,  fpines,  hairs,  feathers, 
and  cuticular  coverings,  are  all  of  them,  or  (he  principal 
parts  of  their  fubfiance,  extra-vafcular,  infenfible,  and  un¬ 
alterable  by  the  animal  functions  after  they  are  completed.  I 
have  formed  an  opinion,  grounded  on  extentive  oblervation, 
that  many  more  parts  of  animal  bodies  may  be  confidered 
as  inanimate  fttbflances  ;  even  the  reticular  membrane  it  felt 
(eems  to  be  of  this  dais,  and  tendons,  which  may  be  the  con¬ 
densed  ftate  of  it;  but  thefe  particulars  are  foreign  to  the 
prefen t  occafion. 

The  deduction  now  to  be  made,  and  applied  to  the  hiflory  f°  that  animated 
of  mufcular  motion,  is,  that  animated  matter  may  be  connected  conne&e<i^with 
with  inanimate;  this  is  exemplified  in  the  adbefions  of  the  inanimate, 
mufcles  of  multi-valve,  and  bi-valve  fliell  (ifh,  to  the  in¬ 
organic  fliell,  the  cancer  Bernhardus  to  the  dead  (bells  of 
other  animals,  and  in  the  traofplantation  of  teeth.  All  of 
which,  although  fomewhat  contrary  to  received  opinion, 
have  certainly  no  degree  of  vafcularity,  or  vital  connexion 
with  the  inhabitant ;  thefe  (hells  being  liable  to  tranfudations 
of  cupreous  tails  and  other  poifonous  (ubflances,  whilfi  the 
animal  remains  uninjured.  A  variety  of  proofs  to  the  fame 

e  fife  61 


1S8 


ON  MUSCULAR  MOTION* 


cffe6l  might  be  adduced,  but  it  would  be  difrefpeciful  (o 
to  this  learned  body  to  urge  any  farther  ill ullrations  on  a  fubject 
fo  obvious. 

Divifion  of  the  The  effects  of  fubdivifion,  or  comminution  of  parts  among 
maldeftroys  the  the  complicated  organized  bodies,  is  unlike  that  of  mineral 
conformation }  bodies:  in  the  latter  inftance,  the  entire  properties  of  the  fub- 
fiance  are  retained,  however  attentive  the  fubdivifion  ;  in  the 
former  fubftances,  the  comminution  of  parts  defiroys  the 
efiential  texture  and  compofition,  by  feparating  the  grofs 
arrangements  of  firu6ture  upon  which  their  fpecilic  properties 
but  lefs  the  more  depend.  From  fimilar  caufes  it  feems  to  arife,  that  animals 
fi^nplc  the  ftruc- ^  mjnute  bulk  3re  neceflarily  of  fimple  ftru&ure ;  lize  alone 
is  not,  however,  the  foie  caufe  of  their  fimple  organization, 
becaufe  examples  are  fufficiently  numerous  wherein  the  animal 
attains  confulerable  bulk,  and  is  of  limple  firuciure,  and  vice 
verja  :  but,  in  the  former,  the  medium  in  which  they  live,  and 
the  habits  they  afiTume,  are  luch  as  do  not  require  extenfive 
appendages,  vvhilfi  the  fmaller  complex  animals  aredeftined  to 
more  difficult,  and  more  active  exertions.  It  may  be  afl'urned 
however,  as  an  invariable  pofilion,  that  the  minuteft  animals 
are  all  of  fimple  organization. 

Upon  a  fmall  feale,  file  may  be  carried  on  with  fimple  ma¬ 
terials;  but  the  management,  and  provifions  for  bulky  animals, 
fimple  materials ;  with  numerous  limbs,  and  variety  of  organs,  and  appendages 
bulky  animals  of  convenience,  are  not  effected  by  fimple  apparatus;  thus,  the 
oTorglnsT^  which  gives  a  determinate  figure  to  the  fpecies,  fup- 

ports  its  foft  parts,  and  admits  of  a  geometrical  motion,  is 
Thus  large  ani-  placed  interiorly,  where  the  bulk  of  the  animal  admits  of  the 

bones^withh^11,  bones  being  fufficiently  firong,  gnd  yet  light  enough  for  the 
them,  fmaller  moving  powers;  but  the  fkeleton  is  placed  externally,  where 
hifvc  them  \viLh- foody  is  reduced  below  a  certain  magnitude,  or  where  the 
movements  of  the  animal  are  not  to  be  of  the  floating  kind :  in 
which  laft  cafe  the  bulk  is  not  an  abfolute  caufe.  The  examples 
of  tefiaceous  vermes,  and  coleopterous,  as  well  as  mod  other 
infe<5ls,  are  univerfally  known. 

The  opinion  of  the  mufcularity  of  the  cryfialline  lens  of  the 
cunr*'^  muf_  eye,  fo  ingenioufly  urged  by  a  learned  member  of  this  Society, 
is  probably  well  founded;  as  the  arrangement  of  radiating  lines 
of  the  matter  of  mufcle,  from  the  centre  to  the  circumference 
of  the  lens,  and  thefe  compared  into  angular  mafles,  would 
produce  fpecific  alterations  in  its  figure, 

- . '  .  ’  ‘  Tte 
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This  rapid  tkelch  of  (he  hiftory  of  mufcular  ftrufture  has 
been  obtruded  before  the  Royal  Society  to  introduce  the  prin¬ 
cipal  experiments,  and  reafonings  which  are  to  lollow :  they 
are  not  ordered  with  fo  much  exa6tnefs  as  becomes  a  more 
deliberate  etfay,  but  the  intention  already  Rated,  and  the  limits 
of  a  lecture  are  offered  as  the  apology. 

Temperature  has  an  effential  influence  over  the  a£tions  of  Temperature  ©f 
mufcles,  but  it  is  not  neceffary  that  the  lame  temperature 
fliould  fubfitl  in  all  mufcles  during  their  actions;  neither  is  it 
effential  that  all  the  mufcular  parts  of  the  fame  animal  fliould 
be  of  uniform  temperatures  for  the  due  performance  of  the 
motive  functions. 

It  appears  that  all  the  claffes  of  animals  are  endowred  with  All  animals  do 
fame  powrer  of  producing  thermometrical  heat,  fince  it  has^r0  uc  *IC  1 
been  fo  eftablifhed  in  the  amphibia,  pices,  vermes,  and  infe6ta, 
by  Mr.  John  Hunter;  a  fact  which  has  been  verified  to  my 
®wn  experience  ;  the  term  **  cold-blooded”  is  therefore  only 
relative.  The  ratio  of  this  powrer  is  not,  however,  in  thefe 
examples,  fufticient  to  preterve  their  equable  temperature  in 
cold  climates,  fo  that  they  yield  to  the  changes  of  the  at- but  are  alfo  af- 

mofphere,  or  the  medium  in  which  they  refide,  and  moft  of naUommunica- 
them  become  torpid,  approaching  to  the  degree  of  freezing  tion. 
water.  Even  the  mammalia,  and  aves,  poffefs  only  a  power 
of  refilling  certain  limited  degrees  of  cold  ;  and  their  furfaces, 
as  wrell  as  their  limbs,  being  diftant  from  the  heart,  and  prin¬ 
cipal  blood-vetfels,  the  mufcular  parts  fo  litualed  are  fubjeft 
to  considerable  variations  in  their  temperature,  the  influence  of 


which  is  known. 

In  thofeclafles  of  animals  which  have  little  power  of  gene*  The  colder  ani- 
raling  heat,  there  are  remarkable  differences  in  the  ftructure  ma * 
of  their  lungs,  and  in  the  compofition  of  their  blood,  from  the 


mammalia  and  aves. 

Refpiration  is  one  of  the  known  caules  which  influences  the  Refpiration :  its 
temperatures  of  animals;  where  thefe  organs  are  ex  ten  five,  ^higher  tem- 
the  refpirations  are  performed  at  regular  intervals,  and  are  not  peratur#  ; 
governed  by  the  will,  the  whole  mafs  of  blood  being  expofed 
to  the  atmofphere  in  each  circulation.  In  all  (ueb  animals 
living  without  the  tropics,  their  temperature  ranges  above  the 
ordinary  heat  of  the  atmofphere,  their  blood  contains  more  of 
the  red  particles  than  in  the  other  clafles,  and  their  mufcujar 
irritability  ceafes  more  rapidly  after  violent  death, 
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and  in  the  cold, 
blooded  ; 


in  infetts. 


Experiment  '• 

Cold-Blooded 
animals  were  in¬ 
cluded  in  water 
over  mercury. 
After  feme  days 
they  died  ;  but 
no  gas  was  emit¬ 
ted,  nor  was  the 
water  changed. 


Hybernating 
animals  can  live 
tinder  confined 
refpiration. 

Peculiarity  of 
ftru&ure  in  the 
heart  and  its 
veins. 


The  refpirations  of  theanimalsdenominated  "cold-blooded," 
are  etfe&ed  differently  from  thofe  of  high  temperature;  in 
fome  of  them,  as. the  amphibia  of  Linnaeus,  the  lungs  receive 
atmofpheric  air,  which  is  arbitrarily  retained  in  large  cells,  and 
not  alternately,  and  frequently  changed.  The  fifhes,  and  the 
teftaceous  vermes,  have  lungs  which  expofe  their  blood  to 
wrater,  but  whether  the  water  alone,  or  the  atmofpheric  air 
mingled  with  it  furnifh  the  changes  in  the  pulmonary  blood, 
is  not  known. 

In  mod  of  the  genera  of  infefls,  the  lungs  are  oborefeent 
tubes  containing  air,  which,  by  thefe  channels,  is  carried  to 
every  vafcular  part  of  the  body.  Some  of  the  vermes  of  the 
fimpler  conftru&ion  have  no  appearance  of  diftinft  organs,  but 
the  refpiratory  influence  is  neverthelefs  effential  to  their  ex¬ 
igence,  and  it  feems  to  be  effected  on  the  furface  of  the  whole 
body. 

In  all  the  colder  animals,  the  blood  contains  a  fmaller  pro¬ 
portion  of  the  red  colouring  particles  than  in  the  mammalia, 
and  aves ;  the  red  blood  is  limited  to  certain  portions  of  the 
body,  and  many  animals  have  none  of  the  red  particles. 

The  following  animals  were  put  into  feparate  glafs  veffels, 
each  filled  with  a  pound  weight  of  diftiiled  water,  previoufly 
boiled  to  expel'the  air,  and  the  veffels  inverted  into  quickfilver; 
viz.  one  gold  fifh,  one  frog,  two  leeches,  and  one  frefii-vvater 
mufcle.*  Thefe  animals  were  confined  for  feveral  days,  and 
expofed  in  the  fun  in  the  d3y-time,  during  the  month  of 
January,  the  temperature  being  from  43°  to  48°,  but  no  air 
bubbles  were  produced  in  the  veffels,  nor  any  fenfible  dimi¬ 
nution  of  the  water.  The  frog  died  on  the  third  day,  the  fifh 
on  the  fifth,  the  leeches  on  the  eighth,  and  the  frefh-water 
mufcle  on  the  thirteenth.  This  unfuccefsful  experiment  was 
made  with  the  hope  of  afeertaining  the  changes  produced  in 
water  by  the  refpiration  of  aquatic  animals,  but  the  water  had 
not  undergone  any  chemical  alteration. 

Animals  of  the clafs  mammalia  which  hybernate,  and  become 
torpid  in  the  winter,  have  at  all  times  a  power  of  fubfifting 
under  a  confined  refpiration,  which  would  deftroy  other  ani¬ 
mals  not  having  this  peculiar  habit.  In  all  the  hybernating 
mammalia  there  is  a  peculiar  ftrutlure  of  the  heart,  and  its 
principal  veins;  the  fuperior  cava  divides  into  two  trunks; 
the  left,  palling  over  (he  left  auricle  of  the  heart,  opens  into 

*  Mjtilus  Afiatinus. 
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the  inferior  part  of  the  right  auricle,  near  to  the  entrance  of 
the  vena  cava  inferior.  The  veins  ulual'y  called  azygos, 
accumulate  into  two  trunks,  which  open  each  into  the  branch 
of  the  vena  cava  luperior,  on  its  own  fide  of  the  thorax.  The 
intercoftal  arteries  and  veins  in  thefe  animals  are  unufually 
large. 

This  tribe  of  quadrupeds  have  the  habit  of  rolling  up  their  Their  habit  an4 
bodies  into  the  form  of  a  ball  during  ordinary  fleep,  and  they  that  accompany 
invariably  atfume  the  fame  attitude  when  in  the  torpid  date:  the  torpid  ftate, 
the  limbs  are  all  folded  into  the  hollow  made  by  the  bending  ^c* 
of  the  body  ;  the  clavicles,  or  fird  ribs,  and  the  dernum,  are 
preded  againft  the  fore  part  of  the  neck,  fo  as  to  interrupt  the 
flow  of  blood  which  fupplies  the  head,  and  to  comprefs  the 
trachea:  the  abdominal  vifeera,  and  the  hinder  limbs  are 
pudied  againd  the  diaphragm,  fo  as  to  interrupt  its  motions, 
and  to  impede  the  flow  of  blood  through  the  large  veflels 
which  penetrate  it,  and  the  longitudinal  extenfion  of  the  cavity 
of  the  thorax  is  entirely  obftruded.  Thus  a  confined  circu¬ 
lation  of  the  blood  is  carried  on  through  the  heart,  probably 
adapted  to  the  lad  weak  adions  of  life,  and  to  its  gradual 
recommencement. 

This  diminifhed  refpiration  is  the  fird  dep  into  the  date  of  The  manner  i* 
torpidity;  a  deep  deep  accompanies  it;  refpiration  then  ceafes  ^n^^ncestnd 
altogether  ;  the  animal  temperature  is  totally  dedroyed,  cold-  is  afterwards 
nefs  and  infenfibility  take  place,  and  finally  the  heart  concludes  terminated- 
its  motions,  and  the  mufcles  ceafe  to  be  irritable.  It  is  worthy 
of  remaik  that  a  confined  air,  and  a  confined  refpiration,  ever 
precede  thefe  phenomena  :  the  animal  retires  from  the  open 
atrnofphere,  his  mouth  and  nofinis  are  brought  into  contad 
with  his  ched,  and  enveloped  in  fur;  the  limbs  become  rigid, 
but  the  blood  never  coagulates  during  the  dormant  date.  On 
being  roufed,  the  animal  yawns,  the  refpirations  are  filtering, 
the  heart  ads  (lowly  and  irregularly,  he  begins  to  firetch  out 
his  limbs,  and  proceeds  in  qued  of  food..  During  this  dor¬ 
mancy,  the  animal  may  be  frozen,  without  the  deflrudion 
of  the  mufcular  irritability,  and  this  always  happens  to  the 
garden  fnaii*  ,  and  to  the  chryfalides  of  many  infeds  during 
the  winter  of  this  climate. 

(The  condition  in  our  next.) 


*  Helix  nemoralis. 


Defer  iption 


202 


DESCRIPTION  OF  A  BORING  T UBS. 


Defci  rptlon  of 
the  American 
hoi  ei . 


Popular  expla¬ 
nation  of  its 
action. 


C:  •  it  v  'lne  of 
top  'graphical 

kn  *  ledge. 


VIII. 

Defcriplion  of  a  Boring  Tube,  in  general  Ufc  in  America ;  bat 

lefs  known  in  this  Country. 

Fig.  2.  Plate  X.  exhibils  a  very  fimple  and  ingenious  borer, 
confiding  of  the  common  center  bit  of  the  carpenters  followed 
by  a  wide  flat  thread  ferevv,  hammered  up  from  a  plate  of  iron 
or  dee!.  It  is  faid  that  they  are  ufed  to  bore  holes  feveral  feet 
in  length,  and  the  peculiar  property  poflelfed  by  this  inftru- 
ment  is,  that  it  clears  the  cutting  without  requiring  to  be  drawn 
out,  as  is  the  cafe  with  the  augur,  (lie  gimblet,  and  other  find-’ 
lar  tools.  I  do  not,  however,  think  that  it  would  have  this 
etfedt  in  boring  perpendicularly  down  to  confiderable  depths; 
btit  for  horizontal  or  (lightly  inclined  holes,  its  elfe6t  mud  fully 
anfwer. 

It  may  not  at  fird  occur  to  the  reader  why  the  introduction 
of  this  tool  into  a  hole  which  mud  contain  the  wood  that  for¬ 
merly  blocked  it  up,  thould  not  be  attended  with  (ome  degree 
of  impediment  or  jamming;  but  this  difficulty  will  vanifh, 
when  it  is  conlidered  that  the  cuttings  are,  partly  bv  their 
weight,  and  partly  by  fridlion  againd  the  internal  cylindrical 
furface,  prevented  from  revolving  along  with  the  (crew. 
The  confequence  is  that  they  are  prefled  againd  its  thread, 
and  Aide  along  it  towards  the  handle.  And  as  this  motion  or 
(hitting  of  the  thread  is  quicker  than  the  motion  of  boring,  by 
which  the  whole  tool  is  carried  inwards,  the  cuttings  mud 
come  out  with  a  velocity  nearly  equal  to  the  difference  of  thefe 
two  motions. 


IX. 


Geographical  and  Topographical  Improvements.  By  John 
Churchman,  Ejij.  M.  Imp.  Acad,  of  Sciences,  P et erf- 
burgh  * 

1  F  appears  to  be  a  matter  of  much  importance  to  the  people 
of  any  country,  at  all  limes,  whether  in  war  or  peace,  to  pof- 


,  *  From  the  Tranf.  of  the  Soc.  of  Arts  for  ISO!,  who  voted  the- 
diver  medal  to  him  for  the  fame. 

fefs 
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left  n  complete  knowledge  of  its  furface.  In  war,  fuch  know¬ 
ledge  is  abfolutely  necefiary  for  defence;  in  peace,  for  im¬ 
proving  the  country  to  the  bed  advantage. 

Now,  fince  geography  may  be  improved,  an  eafy  and  ac-  Utility  of  a  cor- 
curate  method  to  lay  clown  maps  of  mountainous  countries  of^fjfc,n£acC*on 
and  hilly  edaies,  will  perhaps  prove  ufeful,  as  it  will  fhow  at 
a  fmgle  view  the  true  fliape  and  comparative  height  of  the 
ground  without  the  art  of  painting. 

As  mountains  are  apt  to  eclipfe  each  other,  a  perfpeclive  Mountains  can- 

view  is  feitlom  very  extenfive,  the  rules  of  which  fall  thort  ^°t  be  ufeluliy 

J  ’  lhewn  m  pcr- 

of  giving  an  accurate  idea  of  any  hilly  country;  becaufe  fuch  fpe&ivc. 
a  view,  though  fir  icily  true  in  one  particular  place,  is  not  fo 
in  any  other.  The  altitudes  of  mountains  appear  in  proportion 
to  the  didance  from  the  eye,  and  no  rule  in  geometry  has  been 
found  fufficieut  to  determine  diftances  from  any  fingle  flation. 

Neither  can  a  bird’s-eye  view  of  an  edate  afcertain  the  depth 
of  valleys  or  the  height  of  mountains.  But  the  method  here 
propofed  will  be  found  equally  capable  of  giving  the  true  fliape 
of  any  ground  above  or  below  water.  It  may  be  fuccefs fully 
applied  to  fea  charts,  and  will  prevent  much  confufion,  arifing 
from  the  tedious  method  of  diftinguifliing  foundings  by  a  mul¬ 
titude  of  figures. 


Explanation . 

Suppofe  a  full  defcription  is  required  of  any  ifland  in  the  New  method. 

ocean.  Firft,  let  an  accurate  map  be  laid  down  in  the  com-  a  g°od 

11  t  i-  i  i  •  i  i  ii.  maP  or  P'an* 

mon  way  ;  and  let  the  perpendicular  height  between  the  high- Mark  the  point 

ed  point  of  land  and  the  ocean  be  divided  into  any  number  ofof  higheft  ele- 

equal  parts.  Suppofe  thefe  equal  divifions  are  100,  200,  300,  poi‘ntns  differing 

400  feet  above  the  low-water  mark.  From  the  different  in  elevation  by 

points  of  thefe  feveral  divifions,  let  horizontal  lines  be  run  linTs^wkll 

with  a  good  theodolite,  and  fpirit  level  annexed,  all  round  the  theodolite 

the  ifiand.  If  the  work  is  well  done,  each  line  will  end  where  a.ndIcvel.hom . 

thele  points ;  m 

it  began;  and  if  the  bearings  and  difiances  of  thefe  feveral  which  if  the 

lines  are  truly  laid  down  on  the  map,  the  crooked  courfes  of ^r‘-’ey  g°od> 

in  r  i  •  i  i  they  will  again 

them  will  clearly  fhow  the  fliape  of  the  ground  over  which  they  terminate. 

pafs.  For  example  :  if  any  horizontal  line  paffes  by  the  fide  ^ lines  laid 
■  n  ,  ...  .  ....  ..  ,  A,  .  on  the  map  will 

of  a  deep  hill,  it  will  incline  towards  the  ocean,  or  approach  ^evv  the  figure 

the  next  horizontal  line  below  it.  When  the  fame  line  erodes  of  the  country. 

a  dream  of  running  water  or  a  valley,  it  will  naturally  bend 

up  the  fide  of  the  faid  dream,  until  it  oancrofs  it  without  lofing 

the 
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Trigonometrical 
fule  for  the  de¬ 
clivities. 


Advantages  5 


—to  military 

men. 


—and  for  domef- 
tic  and  econo¬ 
mical  purpofes. 


—to  direft  agri¬ 
cultural  improve¬ 
ments, 


(he  level  ;  or,  in  other  words,  it  will  bend  towards  the  centre 
ol  the  i fl and.  Hence,  by  a  litile  practice,  the  fhape  of  the 
feveral  horizontal  lines  on  the  map  will  give  as  clear  an  idea  (o 
the  mind,  of  the  fhape  of  any  country  over  which  they  pafs, 
as  a  light  of  the  country  itfelf  can  convey  to  the  eye.  But  to 
obtain  a  mathematical  and  true  knowledge  of  the  altitude  and 
declivity  of  any  part  of  the  country,  we  have  the  following 
proportion  : 

As  the  perpendicular  height  of  any  one  horizontal  line  above 
another  is  to  the  radius:  fo  is  (he  horizontal  diftance  between 
the  horizontal  lines  meafured  on  the  map  at  any  particular 
place  :  to  the  co-tangent  of  declivity  at  that  place. 

Note.— If  the  horizontal  diftance  between  any  two  horizon¬ 
tal  lines  on  the  map  is  equal  to  the  perpendicular  height  of 
any  horizontal  line  above  another,  the  angle  of  altitude,  or 
declivity,  of  any  hill  will  be  45  degrees. 

The  prefent  improvement,  which  I  believe  to  be  entirely 
new,  will  be  found  to  pollefs  the  following  advantages  : 

iff.  Military  men  are  well  acquainted  with  the  many  ad¬ 
vantages  always  to  be  gained  from  the  exadf  reprefentafion  of 
high  grounds.  By  this  method,  we  are  able  to  give  the  angle 
of  altitude,  the  angle  of  declivity,  and  perpendicular  height 
of  every  hill  ;  likewife  the  comparative  height  of  different 
hills,  the  beff  route  by  which  the  high  grounds  may  be  gradu¬ 
ally  afeended,  and  where  heavy  burthens  can  be  drawn  up 
with  rood  eafe. 

2dly.  Experience  has  fufficienlly  ftiown,  that  the  inhabitants 
of  low  grounds  are  fubjed  to  different  kinds  of  ficknefs,  from 
which  thofe  living  at  places  elevated  to  a  certain  degree  are 
exempt.  A  map  on  this  improved  plan  will  point  out  the 
mod  proper  fituation  for  building  dwelling-houfes.  It  will  be 
ufeful  in  botany,  in  difeovering  or  cultivating  fome  kinds  of 
plants  which  flourifh  beff  at  particular  <1  i fiances  above  the 
level  of  the  ocean.  It  will  trace  the  line  of  vegetation  on 
the  (ides  of  lofty  mountains,  whole  tops  are  covered  with 
eternal  fnovv. 

Sdly.  Some  high  lands  are  known  to  produce  good  grain, 
while  low  lands  afford  grafs  more  abundantly;  but  mod 
grounds  produce  good  grafs,  over  which  a  moderate  quantity 
of  running  water  is  conveyed.  A  plan  of  any  country  in  this 
way  will  fhow  all  the  ground  that  can  be  irrigated  ;  where 

water- 
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water-works  may  be  ereded;  where  navigable  canals  may  be 
cut;  and  where  high-ways  and  rail-roads  may  be  laid  out  on 
the  bell  and  mod  level  ground. 

4thly.  The  fubterraneous  treafures  of  the  mineral  and  foffil 
kingdoms  are  generally  found  in  drata;  and  if  they  are  not 
truly  horizontal,  they  make  a  certain  angle  with  the  horizon. 
A  map  on  this  projection  may  enable  the  mineralogid  to  follow 
any  one  dratum,  at  places  even  far  didant  from  each  other. 

Problem. 

To  find  the  true  declivity  of  any  piece  of  ground,  in  any  map 
laid  down  on  the  principles  of  the  prefent  plan. 


Example  \ft.  for  D.  fee  Plate  IVr. 


As  the  perpendicular  height,  4  feet 

- 

60206 

Is  to  radius,  90? 

m 

10.00000 

So  is  the  horizontal  didance,  4  feet 

60206 

To  the  co-tangent  of  the  declivity,  4.5° 

- 

10.60206 

10.00000 

Example  2d.  for  B. 

As  the  perpendicular  height,  4  feet 

am 

60206 

Is  to  radius,  909 

am 

10.00000 

So  is  the  horizontal  diftance,  8  feet 

90309 

To  the  co-tangent  of  the  declivity,  2 6° 

34' 

10.90309 

10.30106 

Example  3d.  for  C. 

A.s  the  perpendicular  height,  4  feet 

- 

60206 

Is  to  radius,  90° 

- 

i  0X0000 

So  is  the  horizontal  diftance,  18  feet 

1.25527 

1  1 .25527 

To  the  co-tangent  of  the  declivity,  12° 

32' 

10.65321 

The  annexed  furvey,  Plate  IX.  of  a  fmall  lake  and  artificial 
mountain  in  thegarden  of  his  Excellency  Count  de  Slro^onofF, 
near  St.  Peterfburgh,  has  been  doled  bv  the  tables  ol  the  dif¬ 
ference  of  latitude  and  departure,  as  follows: 


— and  mine 
re  fe  arches. 


"Examples  com¬ 
puted. 


A  furvey  ac¬ 
cording  to  this 
method. 


r 
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Procefs  for  re¬ 
fining  lead. 
Cupels  made  of 
aihes. 


Karly  obferva- 
tion  that  the 
oxide  of  lead 
penetrates  che¬ 
mical  vefTels, 
while  lilver,  if 
prefent,  remains 
metallic* 


REFINING  Or  LEAD. 
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X. 


A  Memoir  on  the  refining  of  Lead  in  the  large  Way,  Containing 
fome  Uejleclions  on  the  I nconveniencies  refalling  from  Cupels 
made  of  A  flies  ;  with  a  new  and  (economical  Method  of  Con - 
JlruSling  thofc  Cupels,  By  Citizen  DuhamfL.* 


JiVERY  one  knows  that  in  order  to  effedt  the  reparation  of 
filver  from  lead,  a  procefs  called  refining  or  cupellation  is 
made  ufe  of,  which  is  effected  in  a  bafon  called  a  cupel ;  and 
it  is  likevvife  known  that  this  bafon  is  formed  of  the  afhes  or 
incinerated  remains  of  animal  or  vegetable  fubftances,  after 
depriving  them  by  vvafhing  of  what  faline  matter  they  may 
contain. 

The  great  quantity  of  wood  afhes  required  for  making  thefe 
cupels,  and  the  difficulty  of  procuring  it,  have  long  ago  in¬ 
duced  me  to  feek  for  a  more  fimple  and  lefs  expenfive  means 
of  forming  thefe  velfels. 

The  early  chemifh  having  obferved  that  lead  becomes  ox- 
ided  and  converted  into  what  is  called  litharge,  when  it  is  ex- 


*  This  memoir  is  tranflated  from  the  Memoirs  of  the  French 
National  Inftitute,  Vol.  III.  at  the  requeft  of  a  correfpondent. 

pofed 
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pofed  to  fire  with  the  contafl  of  atmofpherie  air,  while  the  fil- 
ver  it  may  contain,  preferves  its  metallic  form  ;  it  Only  re¬ 
mained  for  them  to  contrive  a  method  of  leparating  thele  two 
metals.  They  were  led  to  this  method  by  observing  that  the 
oxide  ot  lead,  in  its  hate  of  liquefa<5tion  eafily  penetrates  the 
tub  fiances  with  which  it  may  be  in  contaft,  particular  bone 
allies,  without  deflroying  the  figure  of  the  veflel  made  of  that 
material.  In  fact  there  is  no  fubftance  whatever  which  is 
better  adapted  to  form  the  fmall  cupels  for  allaying. 

The  difficulty,  and  often  the  impoffibility  of  procuring 
three  or  four  bufhels  of  bone  allies  in  Germany,  for  each  time 
ot  refining,  has  led  to  the  adoption  of  the  allies  of  wood.  But 
not  to  mention  that  thefe  are  of  conliderable  price,  and  not 
always  to  be  had,  they  prefent  another  inconvenience,  by 
often  riling  and  floating  on  the  furface  of  the  lead.  When  this 
happens,  the  procefs  mull  fail;  and  it  does  happen  as  often 
as  the  allies  are  ill  prepared,  or  the  cupel  not  l'ufficiently  or 
irregularly  beaten,  or  that  the  openings  left  for  the  evaporation 
of  the  humidity  are  not  properly  difpofed,  or  enough  in  num¬ 
ber,  or  clofed  by  a  portion  of  the  fcoria?  upon  which  the  floor 
is  made  to  receive  the  allies.  This  floor  ought  to  be  conflru&ed 
of  the  moll  porous  bricks,  in  order  that  the  wrater  with  which 
the  allies  mull  be  wetted  may  penetrate  them  and  evaporate 
into  the  bed  of  fcoria,  and  efcape  through  the  opening  at  the 
bottom  of  the  furnace. 

The  elaificity  of  this  aqueous  vapour  frequently  caufes  ex- 
plofions,  which  not  only  diforder  the  cupel,  but  even  the  ma- 
fonry  of  the  furnace,  if  it  be  not  properly  confiructed. 

In  order  to  afeertain  the  proportion  of  filver  in  any  quantity 
of  lead,  it  is  only  neceflary  to  pafs  a  few  pennyweights  into  a 
fmall  cupel  of  bone  allies  placed  under  the  muffle  of  an  alfay- 
er’s  furnace;  as  the  lead  becomes  oxided  it  is  imbibed  in  the 
cupel,  and  at  length  the  phenomenon  of  brightening  takes 
place  upon  the  metallic  button.  This  appearance  fliews  that 
all  the  lead  is  difflpated,  and  the  remaining  lilver  in  a  pure 
(late. 

In  the  large  way  of  refining,  the  fame  object  of  leparating 
the  filver  from  the  lead  is  aimed  at,  but  the  lead  is  not  in¬ 
tended  to  penetrate  into  the  cupel,  which  in  fa6t  is  imprafli- 
cable.  For  the  total  abforption  of  this  metal  would  require  a 
much  greater  quantity  of  allies,  with  the  ccnfurnption  of  a  ten 

5  fold 


For  w.vnt  of 
bone  allies  the 
allies  of  wood 
are  ufed  for  cu¬ 
pels  ;  they  have 
many  inconveni¬ 
ences. 


Cupelling  of 
lead. 


R(  fining  in  rise 
large  way  can¬ 
not  be  done  try 
the  alTaying  pm- 
cefs  wherein  the 
oxide  is  aJbfbrbei- 
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VcfTels  of  clay 
nfed  in  fmelting 
lead* 


Thefe  are  appli¬ 
cable  to  refining. 


It  would  be  pre¬ 
ferable  that  no 
abforption  took 
place. 


liiiglifti  procefs. 
l  z  tons  of  lead 
are  oxided  with 
fcarcely  any  ab¬ 
sorption. 


.Repining  of  lead. 

fold  portion  of  time  and  fuel ;  befides  which,  the  lofs  in  re¬ 
covering  the  lead  by  fufion  of  the  cupel  is  very  expenfive  and 
the  product  lefs  confiderable  than  in  the  common  way.  (he 
oxide  of  lead  obtained  in  this  laft  method  may  be  eafily  fufed, 
and  reduced  if  needful ;  but  it  is  an  article  of  value  in  the 
arts,  and  therefore  very  acceptable  in  the  market  in  its  Hate 
of  oxide. 

The  lead  ores  and  litharge  may  be  fufed  as  is  done  in  Eng¬ 
land  and  Britanny,  in  a  reverbatory  furnace,  of  which  the 
floor  or  bafon  is  formed  of  moiflened  and  rammed  clay.  Thefe 
floors  refill  the  action  of  fire  as  well  as  that  of  the  oxide  of 
lead  during  fix  or  eight  months  confiant  work. 

The  durability  of  thefe  bafons  of  earth  firfl  gave  me  a  no¬ 
tion  of  the  method  I  fiiall  propofe  for  refining  furnaces,  in 
which  the  intention  is  to  oxide  the  lead  in  order  to  obtain  li¬ 
tharge,  and  not  to  caufe  it  to  be  totally  abforbed  in  the  cupels, 
as  is  done  when  the  metal  is  allayed,  to  fhew  bow  much  lilver 
it  contains. 

In  the  operation  upon  a  large  fcale  the  cupel,  though  of 
a  files  abforbs  only  part  of  the  lead,  as  I  have  already  remarked, 
obferving  at  the  fame  time  that  it  would  be  much  more  ad¬ 
vantageous  to  obtain  the  whole  converted  into  litharge,  of 
which  the  reduction  into  lead  is  infinitely  more  eafy  than  that 
of  the  oxide  contained  in  the  afiies,  which  refill  fufion,  and 
afford  a  fcoria  that  always  contains  fome  metal. 

Upon  a  cupel  of  afiies  rammed  into  an  oval  ring  of  iron, 
about  five  feet  in  length  and  three  and  a  half  in  width,  the 
Englifh  refine  in  fucceffion  about  twelve  ton  of  lead,  which 
becomes  converted  into  fine  merchantable  litharge,  with  the 
exception  of  the  fmall  portion  that  penetrates  the.  cupel,  of 
which  the  thicknefs  is  let's  than  three  inches.  .  This  cupel  is 
fup ported  under  the  roof  of  the  furnace  by  two  bars  of  iron. 
The  litharge  is  driven  by  the  blafi  of  bellows  towards  the  an¬ 
terior  part  of  the  furnace,  whence  it  falls  without  interruption 
upon  the  area  of  the  founder)- ;  and  at  the  fame  time  to  fupply 
the  fpace  which  this  fubiraftion  of  oxide  would  leave,  a  pig 
.of  lead  is  gradually  advanced  into  the  interior  of  the  furnace, 
placed  on  one  fide  of  the  nozel  pf  the  bellows.  This  lead, 
by  its  gradual  fufion,  keeps  the  cupel  full  till  towards  the  end 
of  the  operation. 

3  •  I  have 
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T  have  given  this  (ketch  of  the  Englifli  procefs  only  to  fhow  The  veflel  i$ 
that  it  is  poflible  to  refine  lead  with  very  little  expence  ofveryc^eaP* 
allies  tor  forming  the  cupels.  Thofe  here  mentioned  do  not 
abfiorb  eighty  pounds  of  oxide  out  of  the  large  quantity  of 
lead  thus  refined. 

Hence  vve  fee  that  metallurgies  have  always  endeavoured 
to  obtain  the  greateft  pofiible  quantity  of  litharge  and  the  lead 
ot  a  (lies  containing  oxide ;  but  as  they  did  not  imagine  they 
could  depart  from  the  docimaftic  procefs,  they  have  condantly 
made  their  cupels  of  aflies. 

We  have  feen  that  in  the  fmall  procefs  of  cupellation  the  The  litharge 
lead  penetrates  the  allies  as  it  becomes  oxided,  and  that  when  runs  off  In  die 
no  more  lead  remains  the  (mall  button  of  (ilver  remains  pure  *ma** I)rocei3 1 
at  the  bottom  in  the  Ipherical  form.  This  operation  is  effected 
with  more  fpeed  becaufe  the  lurface  of  the  bath  is  always  con* 
vex  in  thefe  fmall  vefiels,  and  confequently  the  litharge  runs 
off  on  all  (ides  towards  the  edge  of  the  cupel,  where  it  is  im¬ 
mediately  imbibed. 

This  is  not  the  cafe  in  large  cupels  of  feveral  yards  diam-  -“but  cannot 
eter.  Bellows  mud  be  ufed,  not  only  to  accelerate  the  oxi-  in  the  largc* 
Ration  by  their  blaft,  but  to  drive  the  litharge  towards  the  paf- 
(age  or  gutter  which  is  left  for  its  iffue. 

The  inconveniencies  and  even  the  impoffibility  of  caufing  It  mutt  be  driver* 
all  the  lead  to  penetrate  the  allies  of  thefe  large  cupels  have01^  bellows, 
been  already  remarked.  This  mud  be  evident  on  reflecting 
that  the  oxidation  can  take  place  only  at  thofe  parts  of  the 
bath  which  are  expofed  to  the  contaCt  of  the  air  and  the  blad 
of  the  bellows.  The  litharge  near  the  middle  of  the  baforr 
not  being  difpofed  to  flow  towards  the  edge,  would  cover  and 
defend  the  melal  from  any  farther  oxidation.  Hence  it  is 
that  the  operators  have  found  themfelves  obliged  to  drive  out 
thejitharge  by  the  mechanical  aCtion  of  a  ftream  of  air  from 
bellows. 

The  oxidation  therefore  takes  place  only  at  the  furface  of  The  oxidation  b 
the  lead,  and  not  lower;  if  it  were  otherwife,  the  aflies  of  the  e^e<?eil only  at 
cupel  would  be  penetrated  with  oxide  to  a  depth  which  would 
be  more  unequal  the  longer  the  operation  laded.  Now  I  have 
always  remarked  that  the  portion  of  afhes  thus  imbibed  in  the 
large  refinery  is  not  thicker  towards  the  center  of  the  bafon 
than  towards  its  edge,  though  the  lead  remains  thirty  or  forty 
times  longer  at  the  bottom  than  near  the  edges,  becaufe  the 
Vol.  XI, — JutY,  1805.  F  bath 
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bath  conftantly  diminiflies  till  all  the  lead  is  reduced  into  li¬ 
tharge,  and  nothing  at  lad  remains  but  the  button  of  filver  at 
the  bottom  of  the  cupel* 

Other  reafons  That  the  whole  of  the  lead  is  abforbed  in  the  cupel  of  a  flay, 
why  the  large  arjfes  from  the  unequal  action  of  heat  upon  every  part  of  tht? 

procefs  cannot  *  *  J  * 

be  made  by  ab-  fmall  velfel.  As  the  cupel  in  the  large  way  prefents  only  its 

forption.  fuperior  furface  to  the  action  of  the  heat,  the  oxide  thus  im¬ 

bibed  ceafes  to  penetrate  at  the  place  where  the  temperature  is 
no  longer  in  a  date  to  hold  the  oxiding  fuflon.  For  this  reafon 
it  is  that  the  whole  of  the  cupel  is  throughout  impregnated  to 
an  equal  depth,  and  it  is  impoffible  to  caufe  all  the  lead  to 
penetrate  the  allies. 

Litharge  is  From  the  preceding  obfervations  it  will  be  eafy  to  conclude 

fought  as  a  pro- that  though  the  a  flay  of  lead  mud  be  made  in  fmall  cupels  of 
du£l  m  the  ldISeb0ne  allies,  in  order  that  the  whole  of  the  oxided  metal  may 

W3Y  0  J 

either  be  abforbed  or  partly  evaporated;  yet  the  cale  is  very- 
different  in  the  large  operation,  where  the  object  is  to  proceed 
with  celerity,  and  to  obtain  as  much  litharge  as  poffible. 
Addition  of  fand  I  have  before  ffated  that  the  wood  allies  ufed  in  forming 
to  the  wood  large  cupels  are  expenfive,  and  frequently  not  to  be  procured 
in  fufficient  quantity  ;  to  which  I  have  added  their  being  fub- 
jed  to  blow  up  or  rife  entirely,  which  occafions  a  condder- 
able  lofs.  It  mud  further  be  mentioned,  that  in  order  to  give 
more  weight  and  confidence  to  thefe  cupels  it  is  often  necelfary 
to  mix  a  conllderable  quantity  of  fand  with  them,  particularly 
if  the  lead  diould  contain  foreign  lubdances,  fuch  as  arfenic, 
cobalt,  antimony,  zinc,  tin  and  other  matters.  If  the  lead  be 
merely  arlenical,  after  having  taken  off  the  fird  fcum,  it  is 
ufual  to  throw  from  time  to  time,  on  the  whole  furface  of  the 
bath,  about  20lbs.  of  iron  fcales  or  granulated  crude  iron. 
This  iron  being  lighter  than  the  lead,  floats  on  the  top  and  ab¬ 
sorbs  the  arlenic,  after  which  it  is  cleared  away,  and  then  the 
litharge  is  formed  without  any  obflacle.  This  method  is  ufed 
in  Saxony. 

The  neceffity  of  adding  fand  to  the  allies  of  the  cupels  flight 
to  have  led  to  a  difcovery  which  I  propofe:  it  is  as  follows. 


alhes,  &c. 


New  Conjlruftion  of  the  Cupels  or  Bafons  for  refining  Lead. 

Ncwconftruc-  Without  making  any  change  in  the  mafonry  of  the  furnaces 
»(.n  or  the  ba-  for  refming  by  what  we  call  the  German  method,  it  is  only 
tjC  refining  kad.  necefl’ary  to  be  careful  to  make  a  lufdcient  number  of  vents  in 
:  4  their 
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their  bale  for  the  evaporation  of  the  moifture,  and  to  difpofe 
ot  them  fo  as  moft  effectually  to  anlwer  this  purpofe.  Thefe 
channels  or  vents  are  to  be  covered  with  a  bed  of  fcoria,  upon 
which  a  pavement  is  to  be  made  of  the  mod  porous  bricks,  and 
of  the  thicknefs  of  a  fingle  brick.  -  >  * 

On  this  area  or  pavement,  which  ought  to  be  concave  like  The  cupel  Is 
the  bafe  upon  which  the  afhes  of  the  ordinary  cupels  are  Httle^clay 
placed,  mutt  be  laid  a  quantity  of  founder’s  fand,  a  little  moift*  infteadxrf  bone 
ened.  If  it  be  not  adhefive  enough,  a  little  clay  may  be  a^es* 
added,  in  order  to  give  the  requifite  folidity,  and  the  whole 
carefully  mixed.  The  fand  mutt  be  rammed  down  in  the  fame 
manner  as  is  done  to  confolidate  the  allies  in  the  ufual  way, 
and  a  baton  for  refining  mutt  be  formed,  equally  rammed  in  all 
its  parts.  The  thicknefs  of  this  cupel  fhould  be  about  fix 
inches;  and  it  may  be  made  in  two  layers,  as  we  {hall  here* 
after  obferve. 

After  the  bafon  has  been  in  all  parts  uniformly  beaten  or 
rammed  down,  it  will  be  proper  to  fift  over  the  whole  furface 
two  or  three  quarts  of  wood  afhes,  which  may  be  made  to 
adhere  by  ramming. 

When  the  cupel  is  thus  prepared,  the  head  of  the  furnace  It  may  be  dried 
mutt  be  lowered,  and  a  moderate  fire  kept  up  for  feveral  hours,  betore  u^e> 
in  order  to  evaporate  part  of  the  water  from  the  fand.  The 
reft  will  be  driven  out,  ^without  inconvenience,  through  the 
vents  during  the  refining. 

After  a  fufficient  drying,  which  may  even  be  difpenfed  —  but  this  Is  not 
with;  the  head  is  to  be  raifed,  the  cupel,  fuffered  to  cool  a^?^teiy  ne~ 
little,  and  draw  or  hay  then  laid  upon  it,  and  upon  this  the  Method  of 
pigs  or  pieces  of  lead,  which  are  to  be  gently  put  down,  in  wicij 

order  that  their  weight  may  not  make  imprefiions  in  the  fand* 

The  ftraw  is  ufed  for  this  purpofe,  in  our  method  as  well  as  the 
common  method;  and  it  would  be  convenient  that  the  lead 
fhould  be  caft  in  iron  hemifpherical  moulds  or  pots  inftead  of 
the  prifmatic  form,  as  thefe  pieces  would  be  lefs  fubjett  to 
damage  the  cupel. 

When  the  quantity  of  lead  necefiary  to  fill  the  cupel  is  ar¬ 
ranged  in  the  furnace,  the  head  is  to  be  lowered  and  luted  a!l 
round  with  clay,  after  which  the  fire  is  to  be  applied  as  in  the 
ufual  proceffes. 

When  the  lead  is  in  perfe6t  fufion,  and  the  bath  covered  £ufion.  ^ 
with  drofs  and  coally  matter  from  the  ftraw,  this  fkum  muft  be^""*  °  tie 
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raked  off  through  (he  paffage  left  for  the  litharge,  by  means  of 
a  wooden  rake  about  a  foot  long,  with  an  iron  handle  of  fuf- 
ficient  length  to  reach  every  part  of  thfe  bath. 

When  the  lead  has  been  feveral  times  fkimmed,  and  begins 
to  become  red,  the  bellows  mud  be  fet  into  aftion,  gently  at 
firft,  and  afterwards  more  firongly.  Their  nozles  muft  be  fo 
dilpofed  that  the  b!ad  may  be  directed  towards  the  center  of 
the  bath,  and  in  order  that  the  wind  may  be  urged  upon  the 
furface  of  the  metal,  each  nozle  mud  have  a  fmall  round  plate 
of  iron  adapted  to  it.  Thefe  fmall  flaps  or  valves,  called 
papilioiis  (flies  or  butterflies)  areufedin  the  German  fineries. 
They  have  an  hinge  at  top,  and  at  every  droke  they  rife  about 
half  way  from  their  perpendicular  pofition  towards  the  level, 
fo  that  by  reflecting  the  air  downwards  upon  the  lead,  they 
haden  its  oxidation. 

When  all  the  drofs  has  been  removed,  and  the  lead  is  of  a 
good  red  heat  and  covered  with  litharge,  a  little  gutter  mud 
be  made,  with  an  hook  appropriated  for  this  purpofe,  in  the 
fand  of  the  cupel.  This  mud  be  carefully  done  until  the  bot¬ 
tom  of  the  gutter  anfwers  to  (he  level  of  the  bath.  The  li¬ 
tharge  driven  by  the  blad  of  the  bellow's  will  flow  out  of  this 
paflage,  and  fall  upon  the  hearth  of  the  foundery. 

When  the  operator  perceives  that  only  a  fmall  quantity  of 
litharge  remains  near  the  gutter,  he  will  dop  its  efcape  with  a 
fmall  quantity  of  moidened  aflies;  but  as  foon  as  the  lead  fiiall 
be  again  covered  with  oxide,  the  paffage  mud  be  opened  and 
made  defeper  as  the  quantity  of  matter  becomes  deprefled  ; 
taking  care  that  no  lead  efcapes,  particularly  towards  the  end 
of  the  operation,  as  it  urnuld  carry  along  with  it  a  large  por¬ 
tion  of  filver  which  would  be  lod. 

In  this  manner  the  procefs  is  to  be  carried  on  until  the  fur- 
face  of  the  diver  exhibits  thofe  flathes  which  are  called  the 
brightening,  taking  care  to  raife  the  fire  in  proportion  to  the 
diminution  of  the  bath,  particularly  towards  the  end,  whet) 
the  filver  is  collected;  and  as  this  metal  is  much  more  difficult 
to  be  kept  in  fufion  than  its  fmall  alloy  of  lead,  the  refihing 
will  be  imperfect,  unlefs  the  temperature  be  raifed,  and  in- 
ftead  of  about  one  twentieth  of  lead,  which  the  filver  ufually 
retains  in  the  German  method,  it  will  remain  much  more 
highly  charged.  This  would  render  it  more  difficult  to  be 
treated  in  the  fecond  operation,  called  the  filver  refining,  of 
by  the  Gcrmansyi/rer  brenen,  by  which  it  is  rendered  pure. 

•  5  Thofe 
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Thofe  who  are  accuftomed  to  refine  lead  in  the  German 
method,  will  find  no  difficulty  in  following  mine.  For  though 
the  cupel  is  made  of  fand  inftead  of  afhes,  there  is  no  difference 
in  the  manipulations. 

We  have  feen  that  the  Englifli  refine  a  great  quantity  of  T[ds  method  ad- 
lead  on  a  (mall  cupel.  The  fame  may  be  done  in  the  method  ^the^cSurgc^ 
here  defcribed,  by  adding  in  proportion  as  the  lofs  by  oxida-  during  work, 
tion  takes  place.  Suppofing  the  capacity  of  the  cupel  to  be 
fuch  as  to  contain  about  five  ton  of  lead,  we  might  continue 
the  operation  to  three  times  that  quantity  in  a  tingle  procefs, 
which  would  not  have  the  inconveniences  of  the  Englifli 
method. 

I  flatter  myfelf  that  a  w'ell-made  cupel  of  fand  maybe  ufed  andthecupd 
for  feveral  refinings,  without  requiring  to  be  made  up  again  ^  ufed!***** 
every  lime  like  thofe  of  allies ;  but  in  thefe  circumfiances,  and 
before  the  lead  is  put  in,  it  is  necefiary  to  fill  with  well  beat- 
ten  fand  the  gutter  or  opening  which  was  before  made  for 
carrying  off  the  litharge.  Care  mull  be  taken  in  doing  this  to 
remove  with  a  chiflel  that  kind  of  glaze  w'hich  the  oxide  of  the 
lead  leaves  behind  it.  With  this  precaution,  after  wetting  the 
part  where  the  new  moiflened  fand  is  to  be  applied,  they  will 
firmly  unite  together. 

From  the  lon£  duration  of  the  earthen  floors  of  thofe  re- 
verberalory  furnaces  in  which  lead  ores  and  even  litharge  are 
fufed,  as  was  before  mentioned,  we  have  no  reafon  to  appre¬ 
hend  any  bad  confequences  from  the  oxide  of  lead,  which  a£U 
Only  on  the  furface  of  the  cupel,  and  penetrates  to  an  inconfi- 
derable  depth. 

After  one  or  two  refinings,  this  crufl  of  oxide  may  be  taken  Recovery  of  the 
off  and  fufed  in  a  blaft  furnace,  in  order  to  recover  the  lead  . 
a  procefs  no  lefs  eafy  than  that  of  reducing  the  metal  which 
exifts  in  much  greater  quantity  in  the  ordinary  cupels.  We 
therefore  obtain  a  larger  quantity  of  litharge,  which  is  one 
advantage,  and  in  addition  to  this,  the  lofs  in  filver  which  ac¬ 
companies  the  abforbed  lead  will  be  lefs.  for  in  the  fmall 
quantity  of  precious  metal  which  accompanies  the  oxide,  it 
is  found  by  experiment,  that  the  proportion  is  greater  in  the 
abforbed  lead  than  in  that  which  is  driven  over  in  litharge. 

Inftead  of  fand  vve  might  make  ufe  of  day  in  confl rafting  To  make  the 
our  cupels,  as  is  done  in  the  hearths  of  the  revelatory  fur- -Xld  of 'fed 
naces  of  Brittany  j  but  it  would  then  be  necefiary  to  pound  would  be  more 

J  the  exPen^vc  anc^ 
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the  earth  repeatedly  for  feveral  days,  otherwife  it  would  crack, 
and  thefe  cracks,  which  w'ould  become  wider  by  the  lhrinking 
from  heat,  would  afford  a  lodgment  for  fome  of  the  lead  ;  an 
inconvenience  which  fand,  even  if  rather  loamy,  does  not 
prefent.  It  muftalfobe  remarked,  that  a  cupel  of  clay  would 
,  become  too  hard  to  admit  of  the  excavation  for  carrying  off  the 

litharge  ;  fo  that  this  part  at  leaf!  would  require  to  be  made  of 
fand  or  allies. 

It  will  be  advantageous  to  ufe  two  kinds  of  fand  in  forming 
a  bafon  of  the  cupel,  the  one  fine  fuch  as  the  founders’  fand, 
and  the  other  coarfe.  The  latter  may  form  the  firfi  firatum, 
which,  after  being  well  rammed  with  the  implements  ufed  for 
this  purpofe,  muff  be  left  about  three  inches  in  thicknefs. 
Upon  this  the  fine  and  fome  what  loamy  fand  is  to  be  fpread 
and  rammed  like  the  firff.  A  flight  degree  of  moifture  muff 
be  ufed  with  both  thefe,  in  order  that  they  may  more  folidly 
adhere  together.  The  lower  firatum  being  more  coarfe,  will 
facilitate  the  efcape  of  the  humidity. 

It  will  not  be  neceffary  to  difiurb  the  lower  firatum  of  fand 
when  a  newv  cupel  is  to  be  made;  and  even  of  this  la  ft  that 
portion  which  has  not  imbibed  any  oxide  may  he  ufed  along 
with  the  new  fand  intended  to  be  applied.  The  lower  firatum 
muff  not  be  touched  during  this  renewal,  for  fear  of  mixing 
coarfe  fand  with  the  fine.  This  inconvenience  may  be  guarded 
againfi  by  ramming  upon  the  furface  of  thecoarle  fand  a  bed 
of  a  thin  facing  of  afhes,  at  which  the  operator  rnufi  fiop  when 
he  takes  away  the  upper  firatum. 

We  have  remarked  that  the  founders’  fand  mufi  be  rather 
loamy,  and  that  if  it  be  not  fo,  it  will  be  neceffary  to  add  a 
fmall  quantity  of  clay  to  render  it  adhefive;  but  as  it  is  ne¬ 
ceffary  that  this  clay  fhould  be  equally  diffufed  through  the 
mafs,  it  may  be  diffufed  in  the  water  with  which  the  fand  is 
to  be  fprinkled,  and  the  whole  mufi  be  carefully  mixed. 
Abforption  is  of  It  might  be  obje£ted,  that  fince  the  cupels  of  fand  do  not 
abforb  fo  much  litharge  as  thofe  of  afhes,  more  time  will  be 
required  to  complete  the  refining,  becaufe  the  oxide  infiead 
of  being  in  part  ablorbed,  mufi  by  this  new  procefs  be  driven 
out  of  the  furnace.  This  however  is  a  fubjefl  which  ought 
not  to  be  confidered  as  of  any  importance;  for  the  blafi  of  the 
bellows  well  dire&ed  will  caufe  the  oxide  of  litharge  to  flow 
out  more  abundantly  through  the  gutter  than  if  the  abforption 
took  place. 
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I  have  feen  operators  in  Germany,  who,  when  they  con-  Improvement, 
ftructed  their  cupels,  had  the  precaution  to  form  a  fmall  cir-  ^e'lilver reCe‘VC 
cular  cavity  in  the  middle,  the  depth  of  which  was  propor¬ 
tioned  to  the  quantity  of  tilver,  which  from  the  afiav  they 
knew  to  be  contained  in  the  lead  of  one  operation.  By  this 
contrivance  there  were  no  infulated  grains  of  the  metal  left 
on  the  furface  of  their  cupel,  but  the  whole  of  the  filver 
formed  a  perfe&ly  round  cake  in  the  middle  of  the  center  ex¬ 
cavation.  I  would  advife  the  fame  ingenious  expedient  to  be 
ufed  in  the  cupels  of  fand. 

I  am  w’ell  allured  that  the  cupels  I  propofe,  if  made  with  Conclufion. 
care  and  attention,  will  fucceed  perfectly,  and  that,  indepen¬ 
dent  of  their  convenience  beyond  the  others,  they  will  be 
found  very  economical.  I  am  defirous  that,  for  the  advantage 
of  metallurgy,  this  method  fhould  be  generally  ufed,  and  its 
benefits  will  prove  that  we  ought  not  always  to  follow  with 
fervility  the  eftablifhed  ufages  nor  the  common  working  pre¬ 
cedes  . 

. . -  -  . ■ . . — - ■  -=====: 
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4 Letter  from  Mr.  James  Stodart,  explaining  the  Method  of 
gilding  upon  Steel  by  Jmmerjion  in  a  Liquid,  which  has  lately 
engaged  the  public  Attention  in  various  Articles  of  Manu¬ 
facture. 

To  Mr.  NICHOLSON, 

Dear  Sir, 

A  Confiderable  degree  of  public  intereft  and  curiofity  has  I/iftruments  of 
lately  been  excited  by  the  exhibition  of  inftruments  of  fleel  Wlth 

coated  or  gilt  with  gold.  The  difeovery,  although  not  alto¬ 
gether  new,  does  not  appear  to  be  very  generally  known ; 
and  as  its  application  to  various  manufa&ures  promiles  to  be 
both  elegant  and  ufef’ul,  I  have,  with  a  view  of  faving  tome 
time  and  expence  to  others  w'ho  may  be  inclined  to  make 
further  experiments,  added  a  fhort  account  of  a  method  which 
with  me  has  fucceeded  perfectly  well.  I  with  here  in  jufiice 
to  obferve,  that  this  difeovery  of  the  method  belongs  more  to 
my  friend  Mr.  Hume,  chemift,  Long- Acre,  than  to  m\felf. 

With  that  gentleman’s  kind  afliffance  I  had  but  few  difficulties 
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Account  of  the  to  overcome.  The  following  is  our  method:  To  a  faturaled 

proceft.  Three  fo|u(;on  0f  _01J 

in  nitro-muriatic  acid,  add  about  three  times 
parts  fujphuric  .  °  , 

ether  are  added  the  quantity  of  pure  fulphunc  ether :  Agitate  them  together 

to  one  of  folu-  f0J-  a  ftlori;  time.  The  gold  will  foon  be  taken  up  by  the 
tion  of  gold.  .  .  r  c  .  ’  .  r  . 

The  gold  is  efrher  in  the  form  of  a  muriate,  or  nitro-muriate  of  gold,  leaving 
taken  up  by  the  the  remaining  acid  colourlefs  at  the  bottom  of  the  veffel,  which 
mud  now  be  drawn  off  by  means  of  a  flop-cock,  or  other 
The  inftrument  fimityr  contrivance.  The  acid  being  difeharged,  the  inftru- 

theethereat fo-°  went  to  be  g^I  having  been  previoully  well  polifhed  and 
Jution.  wiped  very  clean,  is  to  be  dipped  for  an  inflant  into  the 

ethereal  lolution,  and  on  withdrawing  it,  as  inftantly  waihed 
by  agitation  in  clean  water.  This  is  effential  to  get  clear  of 
a  fmall  portion  of  acid  neceffarily  taken  up  w  ith  the  metal ;  and 
if  this  be  neatly  done,  the  furface  of  the  flee}  will  be  com¬ 
pletely  and  v/ery  beautifully  covered  with  gold.  Some  liille 
degree  of  dexterity  is  required  to  perform  the  wholp  operation 
well. 

Iffential oils  do  J  have  tried  fome  of  the  effential  oils,  knowing  that  they 
npt  fuccecd  well.  wjjj  tak0  t]ie  goJd  frorn  nitro-muriatic  acid  ;  but  as  far  as  I 
went  they  did  not  apply  for  the  purpofe  of  gilding  :  and  as  { 
had  found  all  I  wanted  in  ether,  I  certainly  did  not  profecute 
the  other  experiments  with  much  induflrv. 

1  remain,  with  much  refpecl. 

Dear  Sir, 

Your  obliged  fervanf, 

J.  STODART. 

Strand ,  June  24,  1805. 
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On  the  peculiar  Knife  emitted  by  Water  before  it  acquires  the 
Temperature  of  boiling;  w hie h  is  commonly  denoted  by  the 
Word  Simmering .  W.  N . 

Introduction.  SofylE  time  ago  a  philofophical  friend  who  favoured  me  with 
a  vifit,  mentioned  in  convocation  that  the  fimmering  of  water 
before  it  boils  had  formed  the  fubject  of  enquiry  between 
himfelf  and  other  curious  examiners  of  natural  appearances, 
$s  being  a  faft  not  yet  well  explained.  It  feemed  to  me 
wy  remarkable,  a$  I  dare  fay  it  will  to  my  readers,  that  any 

of 
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of  the  facts  relating  to  the  boiling  of  wateY,  concerning  which 

fomuch  has  been  laid  and  written,  fliould  Rill  remain  in  ob- 

fcurity.  Having,  my  (elf,  been  in  the  habit  of  conlidering 

it  as  the  confequence  of  a  rapid  efcape  of  interfperfed  air  from 

the  heated  water,  I  requefted  he  would  fay  why  he  thought 

the  phenomenon  repugnant  to  that  fuppofition.  My  friend  Particular  de- 

proceeded  in  reply  to  date,  that  when  water  is  firft  put  on  ^  of°fimmcr- 

the  fire,  in  a  metallic  vetTel,  the  veflTel  itfelf  gradually  becomes  jng. 

lined  with  bubbles ;  that  thefe  bubbles  become  detached  and 

rife,  fo  that  the  whole  furface,  or  at  lead  the  bottom,  becomes 

clear  again;  that,  foon  afterwards  a  rattling  noife  is  heard, 

(harp  and  metallic,  which  encreafes  in  loudnefs  until  it  almoft 
perfectly  refetnbles  the  pouring  of  fmall  (hot  into  the  vetfel ; 
that  the  fluid  continues  in  a  date  of  tranquillity  and  tranl- 
parency  during  this  date;  and  ladly,  that  when  the  noife 
is  louded  the  ttate  of  ebullition  fuddenly  comes  on,  the  pecu¬ 
liar  noife  of  fimmering  ceafes  all  at  once,  and  nothing  is  heard 
but  the  foft  and  moderate  noife  of  aquatic  agitation  as  long  as 
the  boiling  lads. 

This  account,  fo  remarkable  for  its  precidon  and  accuracy,  It  feems  to  arife 
(hewed  clearly  that  my  notion,  which  I  believe  is  the  common  ^uaion^and0 
opinion,  was  ill  founded.  After  a  little  meditation,  it  ap-  condenfation  of 
peared  evident  to  me  that  the  noife  of  fimmering  mud  arife  fteara* 
from  the  collapdon  of  deam  bubbles,  formed  at  the  bottom 
of  the  veflTel,  and  condenfed  almod  indantly  upon  their 
a  (cent  in  the  fluid  not  yet  heated  to  the  boiling  point.  In 
fupport  of  this  opinion  I  (hewed  him  a  common  experiment 
with  the  water-hammer.  This  inflrument,  which  is  made  Defcription  of 
and  fold  by  the  glafs-blovvers  and  barometer-makers,  conflfls  ^  water‘ham~ 
of  a  tube,  nearly  a  foot  in  length  and  about  three  quarters 
of  an  inch  in  diameter,  terminating  in  a  globe  of  about  two 
inches  in  diameter  ;  the  other  end  of  the  tube  being  clofed. 

The  outer  extremity  of  the  globe  ends  in  a  capillary  tube, 
through  which  as  much  water  has  been  introduced  as  rather 
more  than  fills  the  globe  itfelf.  This  water  has  been  boiled 
in  the  veflTel  or  inflrument,  and  at  the  time  of  boiling,  when 
ail  the  internal  cavity  not  containing  water  was  tilled  with 
fleam  to  the  almofl  total  exclufion  of  air,  the  capillary  aper¬ 
ture  was  hermetically  clofed.  The  inflrument  thus  com¬ 
pleted  is  found  when  cold  to  contain  water  and  a  lpace  nearly 
vacuous,  and  the  experiment  from  which  it  derives  its  name 
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Singular  noife  of  of  the  water-hammer,  is  that  of  agitating  its  contents.  The 
v.ater  ag.tatcd  m  ren]arjca^je  efl*C(^  p  exhibits  is,  that  the  parts  of  the  water 

llrike  again  ft  the  glals  and  againft  each  other,  with  the  (harp 
Another  expert-  noife  ulually  produced  by  the  collilion  of  hard  bodies.  Another 
p rod u ced ^and"  ex|)er*rnent»  which  I  alluded  (o,  is  that,  if  the  ball  be  held 
condensed  downwards  fo  as  to  become  filled  with  the  water,  and  it  be 
icco'-iJ  n  ^  3  then  (lowly  railed  up,  fo  as  to  biing  the  tube  nearer  to  the 
horizontal  pofition,  the  heat  of  the  hand  which  holds  the 
tube  will  produce  vapour  or  fleam  ftrong  enough  to  prevent 
the  fluid  from  running  down  to  its  level  from  the  upper  fur* 
face  of  the  globe  ;  but  a  little  farther  inclination  caules  it  to 
defeend,  and  a  bubble  of  the  fleam  enters  the  globe  itfelf 
and  afeends  through  the  fluid.  But  it  fcarcely  arrives  at  the 
top  before  it  is  condenfed,  and  the  water  collapfes  with  a 
(mart  ftroke  or  noife,  fo  as  to  fill  the  globe  again.  The  fuc- 
cefiion  of  thole  bubbles  and  their  condensation  take  place 
lo  rapidly,  in  a  well  made  inflrument,  that  ten  or  twelve 
applied  to  explain  collapfions  occur  in  every  Second  of  time.  The  fa6t,  and  the 
the  cfleft  ot  obvious  remarks  I  made  upon  it,  convinced  my  friend  that  I 

had  luggefted  the  proper  explanation. 

Objections.  It  was  my  intention  however  to  have  heated  fume  water 

in  a  velfel  irt  order  to  obferve  and  ascertain  the  progrelfiv<i 
appearances,  but  I  had  not  done  it  when  I  again  had  the 
pleafure  to  meet  this  intelligent  obferver.  He  complimented 
me  upon  the  ingenuity  of  my  folution,  but  having  him  Self 
iince  repeated  the  experiment  of  boiling  water,  it  feemed 
from  his  report  that  ingenuity  was  all  the  value  it  could  claim, 
“  Take  a  bright  tin  veftel”  faid  he  “  and  heat  water  in  it; 
you  will  hear  the  noile,  but  no  bubbles  are  to  be  Seen.” 

I  took  the  earlieff  opportunity  of  making  fome  experiments, 
the  particulars  and  relults  of  which  are  as  follow  : 

Exp.  j .  Water  Exp.  1,  A  fmall  giafs  retort,  the  body  of  which  is  abouf. 

glafs Retort  Th"  ^wo  ,nc^ies  *n  fhorteft  or  horizontal  diapieter,  was  fufpemled 

fimmering  was  (o  that  its  neck  was  elevated  about  twenty  degrees  above  the 

attended  with  level.  Water  was  then  poured  in  to  fill  the  body  and  the 
fleam  bubbles.  \  n  r  r  J 

greateft  part  ot  the  neck.  My  intention  m  Idling  the  neck 

was,  that  I  might  be  able  to  obferve  w  hether  any  greater  or 

more  fudden  rife  took  place  before  the  period  of  boiling  than 

the  w'ell  known  expanfion  of  the  fluid.  A  fmall  fpiril-lamp 

was  placed  beneath  the  bulb.  The  coldnefs  of  the  water  in 

the  veftel  immediately  condenfed  a  portion  of  the  water  which 

t  Blued 
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IfTued  from  the  flame  itfelf,  and  formed  drops  on  the  outfide. 

As  the  included  water  becai*e  heated  this  condensed  water* 
evaporated,  and  left  the  furface  again  clear  ;  and  at  this  pe¬ 
riod  the  difleminated  air  began  to  feparate  and  gave  a  dufly 
appearance  to  the  inner  furface,  which  lafled  about  three  mi¬ 
nutes.  At  the  end  of  this  time  the  inner  furface  began  to 
clear;  the  peculiar  noifeof  fimmering  was  heard ;  and  bubbles 
were  feen  fuddenly  appearing  and  collapfing  ;  the  Tetort  rt (elf 
being  agitated  and  the  (urtace  of  the  water  rifling  and  falling 
by  flarts.  The  bubbles  were  pointed  at  top,  fomewhat  re- 
fembling  fmall  flames  fuddenly  appearing  and  va'ni filing  at 
different  parts  of  the  furface.  In  the  courfe  of  one  minute 
they  grew  larger  and  larger  and  collapfed  at  greater  heights, 
until  at  length  they  efcaped  through  the  fluid  without  being 
condenfed.  This  was  the  inftant  of  ebullition  or  boiling  and 
at  this  period  the  noife  of  fimmering  ceafed  and  that  of  boiling 
was  heard. 

Exp.  2.  As  this  effect  appears  to  arife  decidedly  from  the  Exp.  2.  Water 
upper  water  being  colder  than  (hat  near  the  bottom  of  the  }aVger  giafs  vef- 
veffel,  it  was  natural  to  infer  that  the  appearances  would  befel.  The  eftefis 
different  according  to  its  figure  and  magnitude.  I  therefore ^^nermore 
took  a  bolt-head,  or  fpherica!  glafs  body,  with  a  flraight  neck  : 

Its  diameter  was  four  inches  ;  and  when  it  was  filled,  a  co¬ 
lumn  of  water  eight  inches  long  flood  in  its  upright  neck; 

The  thicknefs  of  the  glafs  at  its  bottom  was  conliderable.  At 
35  minutes  after  three  the  lamp  was  lighted.  At  40  minutes 
bubbles  of  gas  rofe  fingly,  and  very  little  of  the  dully  appear¬ 
ance  was  feen.  At  58  minutes  the  noife  of  fimmering  began, 
and  the  collapfing  bubbles  were  plentiful  anti  diftind.  Little 
ftreams  or  fountains  of  fleam  rofe  from  particular  points  and 
were  condenfed  ;  and  fome  globes  of  half  an  inch  diameter 
afcended  clear  of  the  bottom  and  collapfed  in  the  fluid  above. 

At  one  minute  after  four  the  bubbles  readied  the  top  of  the 
fluid  without  collapfing,  and  at  this  time  the  noife  of  fimmer¬ 
ing  ceafed.  The  lamp  was  then  blown  out. 

Exp.  4.  A  bright  copper  hemifphere,  four  inches  in  diame-Exp.  4.  The 
ter,  was  filled  with  water  at  the  temperature  of  60  degrees. 

At  four  hours  three  minutes  the  lamp  was  lighted  and  water  copper  vefiel. 
became  condenfed  on  the  outfide.  At  five  minutes  the  infide 
furface  had  a  dufly  appearance,  from  bubbles  of  air  immedi¬ 
ately  over  the  flame.  The  temperature  was  then  lit)  ,  and 
J  the 
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the  outflde  dry.  At  fix  minutes  bubbles  of  gas  -or  air  were 
detached  and  rofe,  the  tempc ,‘ure  being  126°,  and  the  va¬ 
pour  of  (learn  being  viflble  from  the  furface  of  the  water.  At 
eight  minutes  the  infide  furface  was  coated  with  large  bubbles 
or  beads  of  air;  temperature  150°.  At  nine  minutes,  temp. 
]fi5°,  much  vapour.  At  9\  min.  temp.  17o°,  the  bottom  was 
clear  of  bubbles,  and  the  noife  ot  flmmering  began.  At  10 
min.  temp.  184°,  the  fleam  collapiing  bubbles  were  very  evi¬ 
dent,  though,  Irom  their  pointed  fhape,  they  were  not  imme¬ 
diately  obvious  to  an  obferver  looking  ftraight  down  into  the 
Ihining  vetlel.  At  II  min.  temp.  180°,  noife  very  loud  and 
bubbles  more  and  larger.  At  12  min.  temp.  185°,  forne  of 
the  bubbles  broke  at  the  furface,  and  the  noife  was  lets.  At 
12}  min.  temp.  204°,  the  water  boiled,  and  the  iimmering 
noife  was  lucceeded  by  that  of  boiling.  At  14  min.  the  lamp 
was  extinguiflied. 

Ixp.  5.  Water  Exp.  5.  The  w’ater  was  differed  to  cool  to  170°,  and  the 

does^iui^fimrner  ^amP  vvas  then  lighted  again,  namely,  at  lour  hours  18  mi- 

fo  much  or  fo  nutes.  At  20  min.  temperature  180°,  the  flmmering  began ; 

loudly  as  water  but  n0£  tjll  afLer  die  fleam  bubbles  were  feen  very  large;  and 

quickly  railed  J  0 

from  a  tow  tem-  foon  afterwards,  at  204°,  they  rofe  through  the  fluid,  and 

perature.  the  boiling  took  plgce  by  fountains  or  dreams  of  bubbles  rifing 

from  particular  points.  The  flmmering  noife  in  this  experi¬ 
ment  was  much  lefs  than  before. 

The  thermometer  was  placed  horizontally,  with  the  greatefl 
part  of  its  tube,  and  part  of  its  bulb,  out  of  the  water.  When 
the  bulb  was  plunged  in  the  water,  it  (hewed  208°. 

Conclufion.  From  thefe  facls  it  appears  to  be  clearly  eftablifhed,  that  the 

caufe  firfl  mentioned,  namely,  the  condenfation  of  fleam 
bubbles  in  their  afeent  through  the  cold  fluid  above,  is  the  oc- 
calion  of  the  noife  of  flmmering.  Jn  the  fifth  experiment  the 
fuperincumbent  water  was  hotter  than  that  beneath,  and  con- 
fequently  the  flmmering  could  not  be  produced  but  by  fleam 
at  a  higher  temperature,  and  even  then  the  collapflon  of  the 
water  was  lefs  fudden  and  the  noife  lefs  loqd. 
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Experiments  on  Wootz.  By  Mr.  David  Mu s hex.  From  the 
Fhilnfophical  Tranfaftions,  1805. 

HP 

JL  HE  following  experiments  were  made  at  the  requefi  of  Sir  Experiments  on 
Jofeph  Banks,  on  five  cakes  of  wootz,  with  which  he  iupplied 
me  for  that  purpofe.  As  the  cakes,  which  were  numbered 
I,  2,  3,  4,  5,  were  not  all  of  the  fame  quality,  it  will  be  proper 
lirfi  to  deferibe  the  differences  obfervable  in  their  external 
form  and  appearance. 

No.  1  was  a  denfe  folid  cake,  without  any  flaw  or  fungous  Defcription  of 
appearance  upon  the  flat,  or,  what  I  fuppofe  to  be,  the  upper 
fide.  The  round  or  under  furface  was  covered  with  fmall  pits 
or  hollows,  two  of  which  were  of  confiderable  depth  ;  one 
through  which  the  flit  or  cut  had  run,  and  another  nearly  as 
large  towards  the  edge  of  the  cake.  Thefe  depreflions,  the 
effects,  as  I  fuppofe,  of  a  fpecies  of  cryflallization  in  cooling, 
were  continued  round  the  edges,  and  even  approached  a  little 
way  upon  the  upper  furface  of  the  wootz. 

The  cake  was  a  quarter  of  an  inch  thicker  at  one  extremity 
of  the  diameter  than  at  the  other,  from  which  I  infer,  that  the 
pot  or  crucible,  in  which  this  cake  had  been  made,  had  not  oc¬ 
cupied  the  furnace  in  a  vertical  pofition.  Its  convexity,  com¬ 
pared  to  that  of  the  other  five,  was  lecond.  Upon  breaking  Fra&urei  my 
the  thin  fin  of  Heel,  which  conne&s  the  half  cakes  together,  ftee!y* 

I  found  it  to  poflfefs  a  very  fmall  denfe  white  grain.  This 
appearance  never  takes  place  but  with  Heel  of  the  befi  quality, 
and  is  lefs  frequent  in  very  high  Heel,  though  the  quality  be 
otherwife  good. 

Upon  examining  the  break  with  attention,  I  perceived  feveraf, 
laminae  and  minute  cells  filled  with  ruH,  which  in  working  are 
never  expected  to  unite  or  fliut  together.  The  grain  other- 
wife  was  uniformly  regular  in  point  of  colour  and  fize,  and 
poffeffed  a  favourable  appearance  of  Heel. 

No.  2.  This  cake  had  two  very  different  afpefls ;  one  fide  Defcription  of 
;vas  denfe  ana  regular,  the  other  hollow,  fpongy,  and  protube-  wo0tz>  So.^4 
rant.  The  under  furface  was  more  uniformly  honey-combed 
than  No.  1  ;  the  convexity  in  the  middle  w’as  greater,  but  to¬ 
wards  the  edges,  particularly  on  one  fide,  iL  became  flatter. 

The  grain  expofed  by  breaking  was  larger,  bluer  in  colour, 

and 
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and  more  fparkling  than  No.  ].  In  breaking,  the  fraflure  tore 
bui  nightly  out,  and  difplayed  the  fame  unconnefted  laminae 
with  ru fly  (urfaces,  as  was  obferved  in  No.  1.  Befide  thefe, 
two  thiti  tins  of  malleable  iron  projected  from  the  unlound 
fide,  and  feemed  incorporated  with  the  mafs  of  Heel  through¬ 
out  .  Towards  the  centre  of  the  break,  and  near  to  the  excref- 
cence  common  to  all  the  cakes,  groups  of  malleable  grains 
were  diflinftly  vifible.  The  fame  appearance,  though  in  a 
{lighter  degree,  manifefled  itfelf  in  various  places  throughout 
the  break. 

No.  3.  The  upper  furface  of  this  cake  contained  feveral  deep 
pits,  which  feemed  to  refult  from  the  want  of  proper  fluidity 
in  fufion.  They  differed  materially  from  thofe  deferibed  upon 
the  convex  Tides  of  No.  1  and  2,  and  were  of  that  kind  that 
would  materially  effect  the  fleel  in  forging. 

The  under  or  convex  fide  of  this  cake  prefented  a  few 
cryflalline  depreflions,  and  thofe  very  (mall ;  the  convexity 
was  greater  than  that  of  No.  1  and  2,  the  fraflure  of  the  fm 
almoft  fmooth,  and  only  in  one  place  exhibited  a  flrnall  degree 
of  tenacity  in  the  act  of  parting.  In  the  middle  (if  the  break, 
about  half  an  inch  of  foft  fleel  was  evident ;  and  in  different 
fpots  throughout  numerous  groups  of  malleable  grains,  and 
thin  lamina?  of  foft  blue  tough  iron  made  their  appearance. 

No.  4.  Was  a  thick  denle  cake  poffeffed  of  the  greatefl 
fconvexitv ;  the  depreflions  upon  the  under  fide  were  neither 
fo  large,  nor  fo  numerous  as  thofe  in  No.  1  and  2,  nor  did  they 
approach  the  upper  furface  of  the  cake  further  than  the  acute 
edge.  This  furface  had  the  moll  evident  marks  of  hammering 
to  deprefs  the  feeder,  or  fungous  part  of  the  metal,  which  in 
the  manufa61uring  feems  the  gate  or  orifice  by  which  the  metal 
defeends  in  the  aft  of  gravitation. 

The  break  of  this  cake,  however  favourable  as  to  external 
appearance,  was  far  from  being  folid.  Towards  the  feeder  it 
feemed  loofe  and  crumbly,  and  much  oxidated.  The  grain 
divided  itfelf  into  two  diftinfi  ftiuta,  one  of  a  denfe  whitifh 
colour,  the  other  large  and  bfu i (It ,  containing  a  number  of  final! 
fpecks  of  great  brilliancy.  Several  irregular  lines  of  malleable 
iron  pervaded'  the  mafs  in  various  places,  which  indicated  a 
compouhd  too  heterogeneous  for  good  fleel. 

*  5th  cake.  This  was  materially  different  in  appearance  from 
atfy  of  the  former.  It  had  received  but  little  haminering,  vet 

1  *  was 
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was  fmoolh  and  free  from  depreffions,  or  honey-comb  on 
bot.li  furfaces.  The  feeder,  infiead  of  being  an  excrefcence, 
prefented  a  deep  concave  beautifully  cryftallized. 

In  breaking,  the  fracture  tore  out  confiderabfy,  but  pre- 
fented  a  very  irregular  quality  of  grain.  That  towards  the 
under  furface  was  final l  and  uniform,  but  towards  the  flat  or 
upper  furface  it  increaled  in  lize,  and  in  the  bluencls  oi  its 
colour,  till  it  pafTed  into  the  ftate  ol  malleable  iron. 

The  break  of  this  fieel,  though  apparently  foft,  was  the 
lead  homogeneous  ot  the  whole,  and  throughout  it  prefented 
a  very  brilliant  arrangement  ol  cryftal,  which  in  other  fteel  is 
always  viewed  with  fufpicion. 

General  Remark. 

Uniformly  the  grain  and  denfity  of  the  wootz  are  homoge¬ 
neous,  and  free  from  malleable  iron  towards  the  under  or 
round  furface ;  but  always  the  reverfe  towards  the  feeder  or 
upper  fide. 

Remarks  in  Forging. 

No.  1.  One-half  of  the  cake  was  heated  flowly  by  an  anneal-  The  appear¬ 
ing  heat  to  a  deep  red,  and  put  under  a  (liarp  broad-mouthed  ca^e 
chiflel  with  a  fmall  degree  of  taper.  It  cut  with  difficulty,  was  wootz,  No.  i. 
reheated,  and  cracked  a  little  towards  one  end  ot  the  flit  or 
cut  originally  in  the  cake. 

The  heat  in  this  trial  was  fo  moderate,  that  I  was  afraid  that 
the  crack  had  arifen  from  a  want  of  tenacity,  oceafioned  by 
the  heat  being  too  low. 

The  other  half  was  heated  a  few  (hades  higher,  and  Ob¬ 
jected  to  the  lame  mode  of  cutting;  before  the  chiflel  had 
halfway  reached  the  bottom,  the  piece  parted  in  two  in  the 
direction  of  the  depreflion  made  by  the  cutting  inflrument. 

The  additional  heat  in  this  infiance  proved  an  injury,  while 
the  cracking  of  the  fieel  in  both  cafes,  particularly  the  former, 
was  a  certain  proof  of  the  abundance,  or  rather  of  the  excefs 
of  the  fieely  principle. 

The  fractures  of  both  half  cakes,  now  obtained  for  a  fecond 
time,  were  materially  different  from  that  obtained  by  the  Ample 
divifion  of  the  cake.  The  grain  was  nearly  uniform,  difiindly 
marked,  but  of  too  gray  a  colour  for  ferviceable  fieel.  Two 
of  the  quarters  being  drawn  into  neat  bars  under  hand  ham¬ 
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The  appear-  mer$  at  a  low  heat,  one  of  them  contained  a  number  of  cfackft 
anceson  forging  anc}  fttlures.  The  frafture  was  jrray,  tore  out  a  little  in  break- 

I  I  r  a  J 

’>00 v  No  i  ing,  but  vvas  otherwife  yolky  and  exceffively  denfe.  A  fmall 
bar  of  penknife  fize  was  improved  greatly  in  drawing  down, 
and  had  only  one  crack  in  thirteen  inches  of  length.  The 
grain  and  fra&ure  were  both  highly  improved  by  this  addi¬ 
tional  labour ;  the  tenacity  of  the  fteel  was  greater,  and  it 
flood  firmly  under  the  hammer  at  a  bright  red  heat. 

The  other  two  quarters  of  this  cake  were  (quared  a  little, 
and  fuccetlively  put  under  a  tilt  hammer,  of  two  hundred 
weight,  going  at  the  rate  of  three  hundred  blows  per  minute, 
and  drawn  into  fmall  penknife  fize.  One  of  the  bars  from  an 
outfide  piece,  always  the  mod  folid,  was  entirely  free  from 
cracks,  and  had  only  one  fmall  fcale  running  upon  one  fide. 

Thefe  bars  exhibited  a  tougher  break,  than  thofe  drawn  by- 
hand;  the  colour  vvas  whiter,  and  the  grain  polTeffed  a  more 
regular  and  filky  appearance. 

(To  be  continued.) 


*  I  have  received  a  letter  from  Air.  Boswell,  in  which 
he  exprejfes  an  opinion,  that  it  is  unfair  in  the  Old  Correfpondent 
whnfe  letter  appeared  hi  our  lajl  Number  to  hare  applied  Mr.  Bb$ 
apology  to  one  particular  part  of  his  paper ;  as  he  conceives,  that 
it  ought  to  have  been  confidered  as  indicating  the  fpirit  in  which 
his  whole  communication  was  written.  I  have  inferted  thisjhort 
notice  out  of  ref  peel  to  the  writer  ;  but  have  declined  infevting  the 
letter  itfelf  becaufe  the  controverfi/  can  have  no  farther  importance 
to  the  readers  q)  this  Journal ,  after  the  fubjed  itfelf  has  been 
exkaujicd. 
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ARTICLE  I. 

An  Account  of  fame  new  Experiments  which  prove  that  the  Tem¬ 
perature  at  which  the  Denfity  of  Water  is  a  Maximum,  is 
fever  at  Degrees  of  the  Thermometer  above  the  freezing  Point . 
Bjj  Benjamin  Count  of  Rumford,  V.  P.  R.  S.  Foreign 
Ajfociate  of  the  National  Injlitute  of  France ,  fyc.  &?c.  Re¬ 
ceived  July  16,  1805,  from  the  Author;  with  a  Letter  dated 
Munich,  2 5th  June ,  1S05. 


In  my  feventb  eflay,  in  which  I  have  treated  of  the  propaga¬ 
tion  of  heat  in  fluids,  and  alfo  in  a  paper  publifhed  in  the 
PhilofopbicalTranfadtions  for  the  Year  1801,  Part  L  ;  in  which 
I  have  given  an  account  of  a  curious  phenomenon  frequently 
obferved  on  the  Glaciers  of  Chamouny,  I  have  afcribed  the 
melting  of  ice  which  is  placed  (by  defign,  or  by  accident) 
below  the  furface  of  ice-cold  water,  to  currents  of  warmer 
water,  which,  in  certain  cafes,  are  fuppoled  to  defeend  in 
that  ice-cold  liquid  :  but  as  this  fuppofed  fad  has  lately  been 
called  in  queftion  by  ieveral  perlons,  and  as  the  explanations 
I  have  founded  on  it  mull  fall  to  the  ground,  unlefs  it  can  be 
fupported,  I  have  been  induced  to  re-conlider  the  matter, 
and  to  give  it  a  careful  and  thorough  invert  igation. 
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maximum  densitv  of  water. 


It  was  firft  an¬ 
nounced  by  Dc 
Luc. 


Kew  method  of 
proving  it. 


Apparatus.  In 
th?  middle  of  a 
thin  cylindrical 
brafs  veil'd,  a 
thin  brafs  cup 
is  l'upported. 


The  fundamental  fa6t  on  which  the  fuppofition  is  grounded, 
which  was  announced  many  years  ago  by  Mr.  De  Luc; 
namely,  that  the  temperature  at  which  the  denfity  of  water  is 
a  maximum,  is  confiderably  higher  than  that  at  which  that  fluid 
freezes,  is  indeed  fo  very  extraordinary,  and  appears  to  be  the 
caufe  of  fo  many  intereding  phenomena,  that  too  much  pains 
cannot  be  taken  to  put  it  beyond  doubt. 

As  the  methods  hitherto  ufed  for  determining  that  important 
point  have,  by  fome  at  lead,  been  confidered  as  inefficient, 

J  fliall  take  the  liberty  to  propofe  another,  by  which  the  fa& 
in  quedion  may,  I  think,  be  demonftrated  directly  ;  and  with¬ 
out  any  nice  calculations,  or  any  very  difficult  or  delicate  ex¬ 
periments. 

Let  the  following  experiments,  (which  it  will  be  eafy  to 
repeat)  fpeak  for  themfelves. 

Having  provided  a  cylindrical  veflel,  (A  Fig.  I.  Plate  XII.) 
open  above,  made  of  thin  Oieet  brafs,  wdiich  is  5f  inches  in 
diameter,  and  four  inches  deep,  fupported  on  three  drong  legs, 
1|  inches  high  ;  I  placed  in  it  a  thin  brafs  cup,  (B)  two  inches 
in  diameter  at  its  bottom,  (which  is  a  little  convex  down¬ 
wards)  2  r8Q  inches  wide  at  its  brim  ;  and  1  inches  deep  ; 
which  cup  Hands  on  three  fpreading  legs  made  of  drong  brafs 
wire,  and  of  luch  form  and  length,  that  when  the  cup  is  in¬ 
troduced  into  the  cylindrical  velfel,  it  remains  firmly  fixed  in 
the  axis  of  it,  and  in  fuch  a  lituation,  that  the  bottom  of  the 
cup  is  elevated  jud  1 1  inches  above  the  bottom  of  the  cylin¬ 
drical  veflel. 

In  the  middle  of  In  the  middle  of  this  cup  there  dands  a  vertical  tube  of 

fupported tUI>  dieet  brafs,  \  an  inch  in  diameter  and  ~6  of  an  inch  in 

length,  open  above,  which  ferves  as  a  fopport  for  another 
fmaller  cup  (C)  which  is  made  of  cork;  the  brim  of  which  is 
on  the  (ame  horizontal  level  with  the  brim  of  the  larger  brafs 
cup,  in  which  it  is  placed. 

an  hemifpherical  This  cork  cup,  which  is  fpherical,  (being  fomelbing  lefs 
cup  or  cork,  than  half  of  an  hollow  fphere)  is  one  inch  in  diameter  at  its 
brim,  meafured  within  of  an  inch  deep,  and  ^  of  an  inch 
in  thickncfs.  It  is  firmly  attached  to  the  vertical  tube  on 
which  it  dands,  by  means  of  a  cylindrical  foot,  i  an  inch  in 
diameter,  and  ~  of  an  inch  high  ;  which,  when  fome  force  is 
employed,  enters  into  the  opening  of  the  vertical  tube. 

On 
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On  one  fide  of  this  cork  cup  there  is  q  fmall  opening,  which  having  in  its 
•  i  •  ....  1  ~  *  *  c  u  centey  the  bu  b  of 

receives,  and  in  which  is  confined  the  lower  extremity  or  the 

tube  of  a  fmall  mercurial  thermometer,  (D).  The  bulb  of 

this  thermometer,  which  is  fpherical,  is  juft  -j-  of  an  inch  in 

diameter,  and  it  is  fo  fixed  in  the  middle  of  the  cup,  that  its 

centre  is  juft  ~  of  an  inch  above  the  bottom  of  the  cup  ;  con- 

fequently  it  does  not  touch  the  cup  any  where,  nor  does  any 

part  of  it  project  above  the  level  of  its  brim. 

The  tube  of  this  thermometer,  which  is  fix  inches  in  length,  *  thermometer, 
has  an  elbow  near  its  lower  end,  at  the  diffance  of  one  inch 
from  its  bulb,  which  elbow  forms  an  angle  of  about  110 
degrees,  and  the  thermometer  is  fo  fixed  in  the  cup,  that  the 
fhort  branch  of  its  tube,  namely,  that  to  the  end  of  which 
the  bulb  is  attached,  lies  in  an  horizontal  pofition,  while  the 
longer  branch  (to  which  a  fcale,  made  of  ivory,  and  graduated 
according  to  Fahrenheit  is  affixed,)  proje&s  obliquely  upwards 
and  outwards,  in  fuch  a  manner  that  the  freezing  point  of  the 
fcale  lies  juft  above  the  level  of  the  top  of  the  cylindrical 
veffel  in  which  the  cups  are  placed. 

The  cork  cup,  which  was  turned  in  the  lathe,  is  neatly  Other  particu- 

formed,  and  in  order  to  clofe  the  pores  of  the  cork,  it  was  lars* 

covered,  within  and  without,  with  a  thin  coating  of  melted 
wax  ;  which  was  poliflied  after  the  wax  was  cold. 

The  thermometer  was  fixed  to  the  cork  cup  by  means  of 
wax,  and  in  doing  this,  care  was  taken  to  preferve  the  regular 
form  of  the  cup,  both  within  and  without. 

The  vertical  brafs  tube  which  fupports  this  cup  in  the  axis 
of  the  brafs  cup,  is  pierced  with  many  holes,  in  order  to 

allow  a  free  paffage  into  it,  and  through  its  fides,  to  the 

water  employed  in  the  experiments. 

Having  attached  about  fix  ounces  of  lead  to  each  of  the  ™pS7'“> 
legs  of  the  brafs  cup,  in  order  to  render  it  the  more  fteady  in  pan,  and  fur- 
its  place,  it  was  now  introduced  with  its  contents,  into  the  wltb 

cylindrical  veffel,  and  the  veffel  was  placed  in  an  earthen 
bafin  (E)  feven  inches  in  diameter  below,  11  inches  in  dia¬ 
meter  at  its  brim,  and  five  inches  deep,  and  was  furrounded 
on  all  fides  with  pounded  ice. 

Several  flat  cakes  of  folid  ice  were  now  put  into  the  cy-  Ice  jws  placed 
lindrical  veffel,  and  faftened  down  upon  its  bottom,  and  under  ^  Cy uncjriCal 
the  bottom  of  the  brafs  cup,  and  a  circular  row  of  other  long  vefol^bu:  not 

pieces  of  ice  were  placed,  in  a  vertical  pofition,  round  the  an<| jce.cold 

Q  2  OUtfide  water  was  pemrei 
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into  all  the  re*  outfide  of  the  brim  of  the  brafs  cup,  between  it  and  the 
^  ^  C  vertical  fide  of  the  cylindrical  vefiel,  which  vertical  pieces 
of  ice  reached  upwards  to  within  about  of  an  inch  of  the 
top  or  brim  of  the  cylindrical  vefiel ;  and  when  this  was 
done,  ice-cold  water  was  poured  into  this  veffel  till  the  furface 
of  that  cold  fluid  flood  juft  one  inch  above  the  level  of  tl)e 
brim  of  the  cork  cup. —  Both  cups  were  of  courfe  fubmerged 
and  filled  with  ice-cold  water,  and  furrounded  on  all  (ides  bv 

folid  cakes  of  ice. 

•  •  •  * 

The  cups  re-  After  tilings  had  remained  in  this  fituation  more  than  an 
mained  thus  lub-  .  , 

merged  fur  one  hour,  during  wnich  time  the  cold  water  in  the  cylindrical 
..veil'd,  and  that  in  the  cups,  was  frequently  agitated  with 
the  folt  end  of  a  ftrong  feather,  and  the  cups  and  the  water 
in  every  part  of  the  vefiel  appearing  to  be  exatfly  at  the 
temperature  of  freezing  :  I  proceeded  to  make  the  following 
dccilive  experiment. 


Experiment.  No.  I. 

Experiment  I.  ^  A  folid  ball  (F)  of  tin  having  been  provided,  two  inches 
tlTf  wimetal  in  diameter>  with  a  cylindrical  proje&ion  on  the  lower  fide  of 
plunged  in  the  01ie  inch  in  diameter,  and  half  an  inch  long,  ending  in  a 

* u ft Tb o v^e  t h T*  COnicaI  Point>  which  Projeded  (downwards)  half  an  inch 
Cork  cup  :  farther  ;  this  ball  (to  which  was  fixed  a  flrong  iron  wire  fix 

inches  in  length,  which  ferved  as  a  handle  to  it,)  having  been 
made  to  acquire  the  temperature  of  42°  F.  by  keeping  U 
immerfed  near  naif  an  hour  in  a  large  quantity  of  water  at 
that  temperature,  was  placed  as  expeditioufly  as  poflible  over 
the  middle  of  the  cork  cup,  and  in  fuch  a  fituation  that  the 
whole  of  the  defeending  conical  point  (half  an  inch  in  length) 
was  immerfed  in  the  ice-cold  whaler  in  the  cylindrical  velfel, 
the  extremity  of  that  point  being  jufi  half  an  inch  perpen¬ 
dicular  above  the  upper  fide  of  the  bulb  of  the  thermometer 
which  lay  in  the  cork  cup. 

•It was  forefeen,  I  knew  that  the  particles  of  ice-cold  water  which  were 

in  contaft  with  brought  into  contadt  with  the  conical  point,  could  not 

the  cone  became  fail  to  acquire  fome  fmall  degree  of  heat  from  that  relatively 
warm  metal ;  and  I  concluded,  that  if  the  particles  of  water 
lo  warmed  tliou  d  in  fact  become  Jicuvicr  than  they  were  be¬ 
fore,  in  confequence  of  this  fmall  increafe  of  temperature, 
they  mufi  ncceflarily  defeend  in  the  furrounding  lighter  ice- 
cold  liquid,  and  as  the  heated  metallic  point  was  placed 

directly 


ucuicr  uy 
heat,  it  would 
defeend  and 
raife  the  ther- 
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directly  over  the  cork  cup,  and  fixed  immoveably  in  that 
liluation,  I  forefaw  that  the  defcending  current  of  warm  water 
muft  necelfarily  tall  into  that  cup,  and  at  length  fill  it,  and 
that  the  pretence  of  this  warm  water  in  the  cup  would  be 
announced  by  the  rifing  of  the  thermometer. 

The  ret ult  of  this  very  interefling  experiment  was  juft  what  It  did,  *in 
I  expected  :  the  conical  metallic  point  had  not  been  in  contact  jrijn-,cter  in  the 
with  the  ice-cold  water  more  than  20  feconds,  when  thecbpj 
mercury  in  the  thermometer  began  to  rife,  and  in  three  minutes 
it  had  rifen  three  degrees  and  a  half,  namely,  from  32°  to  3.5-p, 
when  five  minutes  had  elapfed,  it  had  rilen  to  36°,  when  an 
end  was  put  to  the  experiment. 

Another  fmall  thermometer,  placed  juft  below  the  fur-  bl,5  lt  ^“^not 
face  of  the  ice-cold  water,  and  only  T~  of  an  inch  from  ter"near  the 
the  upper  part  of  (he  conical  point,  on  one  fide  of  it,  did  not  furfacc  ot  the 
appear  to  be  lenfibly  affected  by  the  vicinity  of  that  warm  ‘  * 

A  third  thermometer,  the  bulb  of  which  was  placed  in  the  nor  another  nc^r 
hrafs  cup,  juft  on  the  outfide  of  the  cork  cup,  and  on  a  level  ^  '  ° 

with  its  brim,  lhewed  that  the  water  which  immediately 
fur  rounded  the  cork  cup,  remained  conftantly  at  the  tempera¬ 
ture  of  freezing,  during  the  whole  time  that  the  experiment 
lafied.  i 

As  I  well  knew,  from  the  refults  of  the  experiments  on  the  The  metal  a : 
propagation  of  heat  in  a  folid  bar  of  metal,  of  which  an  ac- 
count  has  been  given  in  a  memoir  prefented  to  the  firfi  cla  Is  fame  temp, 
of  the  National  Inftitute  of  France,  on  the  7th  of  May  1304, 
that  the  ice-cold  water  in  this  experiment  could  not  poffibly 
acquire  from  a  contact  with  the  conical  metallic  point,  a  tem¬ 
perature  fo  high  as  that  of  42°,  I  was  by  no  means  furprifed 
to  find  that  the  thermometer  belonging  to  the  cork  cup  role 
no  higher. 

In  order  to  fee  if  it  could  not  be  made  to  rife  not  only  A  fomewhat 
higher,  but  alfo  more  rapidly,  by  employing  the  metallic  ball  p‘° 

heated  to  fuch  a  temperature  as  it  might  by  (uppofed  would  applied, 
be  fufficie-nt  to  heat  thole  particles  of  ice-cold  water  which 
lliould  come  into  contact  with  its  conical  point,  to  the  tem¬ 
perature  at  which  the  denfity  of  water  is  fuppofed  to  be  a 
maximum,  I  made  the  following  experiments. 

Experiment.  No.  2. 

Having  removed  the  ball,  I  gently  bruflied  away  the  warm  Experiment  z. 
water,  which,  in  the  Iaft  experiment  had  been  lodged  in  llie 

cavity 
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repeated;  the 
cone  being  heat¬ 
ed  to  60?. 


The  effe$  was 
more  rapid  and 
more  coflfider- 
able. 


Particulars. 

-it  * 


A  thermometer 
hear  the  outfide 
of  the  cup  was 
not  affe&ed. 


cavity  of  the  cork  cup,  (and  which  ftill  remained  there,  as 
was  evident  from  the  indication  of  the  thermometer  belong¬ 
ing  to  the  cup,)  I  placed  feveral  fmall  cakes  of  ice  in  the 
cylindrical  velfel,  which  ice  floating  on  the  fur  face  of  the 
water  in  the  veflel,  prevented  that  water  from  receiving  heat 
from  the  air  of  the  atmofphere,  which  at  that  time  was  at  the 
temperature  ot  76°  F.  And  as  the  cork  cup  had  been  a  little 
heated  by  the  warm  water  in  the  foregoing  experiment,  time 
was  now  given  it  to  cool. 

As  foon  as  the  cup,  and  the  whole  mafs  of  the  water  in  the 
cylindrical  velfel  appeared  to  have  acquired  the  temperature 
ot  freezing,  I  carefully  removed  the  cakes  of  ice  which 
floated  on  the  turtace  of  the  water,  and  introduced  once  more 
the  projecting  conical  point  belonging  to  the  metallic  ball  into 
the  ice-cold  water  in  the  velfel,  placing  it  exa6tly  in  the 
lame  place  which  it  had  occupied  in  the  foregoing  experi¬ 
ment  ;  but  this  ball,  inliead  of  being  at  the  temperature  of 
42^  F.  as  before,  was  now'  at  the  temperature  of  60°  F. 

The  refult  of  this  experiment  was  very  (hiking,  and  if  I 
am  not  much  miflaken,  affords  a  dire6t,  unexceptionable, 
and  demonflrative  proof,  not  only  that  the  maximum  of  the 
denflty  of  water  is  in  fa6t  at  a  temperature  which  is  feveral 
degrees  above  the  point  of  freezing;  but  alfo,  that  warm 
currents  do  actually  fet  downwards  in  ice-cold  water,  whenever 
a  certain  fmall  degree  of  heat  is  applied  to  the  particles  of  that 
fluid  which  are  at  its  furface. 

The  conical  metallic  point  had  been  in  its  place  no  more 
than  ten  feconds  when  I  diftinflly  faw  that  the  mercury  in  the 
thermometer  belonging  to  the  cork  cup  was  in  motion  ;  and, 
when  50  feconds  had  elapfed,  it  has  rifen  four  degrees,  viz. 
from  32°  to  36°. 

When  two  minutes  and  a  half  had  elapfed,  (reckoning 
from  the  moment  when  the  metallic  point  wjas  introduced  into 
the  cold  water,)  the  thermometer  had  rifen  to  39°,  and  at  the 
end  of  fix  minutes  to  39-p,  when  it  began  to  fall;  but  very 
(low  ly  however,  for  at  the  end  of  eight  minutes  and  a  half  it 
was  at  39|w. 

A  fmall  mercurial  thermometer,  the  bulb  of  which  was 
placed  on  one  fide  of  the  cork  cup,  at  the  diftance  of  about 
t\>  of  an  inch  from  it,  fliewed  no  ligns  of  being  in  the  leaft 
affefted  by  the  heat  communicated  to  the  ice-cold  water  by 
the  metallic  ball. 


This 
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This  experiment  was  repeated  three  times  the  fame  day, 

(the  13th  of  June  1806,)  and  always  with  nearly  the  (arne 
refults. 

The  mean  refults  of  thefe  four  experiments  were  as  follows :  Tabulated  re¬ 
fults  ot  the  ex¬ 
periments  re¬ 
peated,  with  the 


Time  elapled 

Temperature  of  the 

reckoned  from 

water  in  the 

coik  cup 

the  beginning  of 

as  (hewn  by  the  ther- 

the  experiment. 

mometcr. 

Min. 

Sec. 

0 

0 

. 

m  » 

•ft 

- 

mm  mm 

32° 

At  0 

10 

began  to  rife 

- 

mm 

m*  •• 

32  + 

At  0 

23 

had 

rifen  to 

mm 

mm 

- 

33 

0 

28 

- 

- 

- 

- 

- 

34 

0 

35 

- 

- 

- 

- 

•ft  •• 

35 

0 

4S 

- 

m 

mm 

mm  m 

36 

1 

3 

m 

- 

m 

mm 

37 

J 

35 

m 

m  — 

mm 

mm 

- 

33 

0 

32 

mm 

- 

- 

- 

39 

3 

41 

- 

. 

•ft 

- 

mm  m 

39  £ 

4 

48 

—  — 

- 

mrn 

•■  • 

3H 

6 

5 

—  — 

- 

mm  « 

395. 

As  I  had  found  by  fome  of  my  experiments  made  in  the  Whether  a  much 
year  1797,  of  which  an  account  is  given  in  my  leventh  eliay,  the  metal  would 
part  I.  that  water  at  the  temperature  of  about  42°  F.  and  affect  the  water 
consequently  what  we  fhould  call  very  cold,  melted  confidcr-  ^ 

ably  more  ice,  when  (landing  on  it,  than  an  equal  quantity  of 
boiling  hot  water,  in  the  fame  fituation,  I  was  very  curious 
to  fee  whether  the  thermometer,  the  bulb  of  which  lay  in  the 
cork  cup,  would  not  alfo  be  lefs  heated  by  the  ball  when  it 
fliould  be  applied  very  hot,  to  the  iurface  of  the  water,  than 

when  its  temperature  was  much  lower. 

To  determine  that  point  I  made  the  following  experiment. 


Experiment.  No.  3. 

The  cylindrical  veflel  with  its  contents  having  been  once  Experiment  3.  ^ 
more  reduced  to  (he  uniform  temperature  of  freezing  water, 
the  metallic  ball  was  heated  in  boiling  water,  and  being  as  cone  heated  to 
expeditioufly  as  poflible  taken  out  of  that  hot  liquid,  its212  • 
projecting  conical  point  was  fuddenly  fubmerged  in  the  ice- 
cold  water,  as  in  the  former  experiments. 
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.  The  refult  of  this  experiment  was  very  interefting,  and  it 
feems  to  me  to  throw  much  light  on  the  fubjeft  of  thefe  inves¬ 
tigations. 

EfFe&  on  the  It  was  not  till  50  Seconds  had  elapfed  that  the  thermometer 

t h ^p'^much n  beSan  to  ^iew  any  figns  of  riling,  and  at  the  end  of  one  mi- 
efs.  nute  and  feven  Seconds  it  had  only  rifen  two  degrees. 

In  the  foregoing  experiments,  when  the  metallic  ball  was 
fo  much  colder,  the  thermometer  began  to  rife  in  ten  Seconds, 
and  at  the  end  of  one  minute  and  three  Seconds  it  had  rifen 
five  degrees.  ..... 

This  ditference  is  very  remarkable  ;  and  if  it  does  not  prove 
the  exigence,  and  great  efficacy  of  currents,  in  conveying 
beat  in  fluids,  I  muft  confefs  that  I  do  not  fee  how  the  exifl- 


Tabula^cd  re- 
falts  of  experi¬ 
ments  repeated 
yvith  the  cone 
a  confiderable 
heat. 


ence  of  any  invifible  mechanical  operation,  the  progrefs  of 
which  does  not  immediately  fall  under  the  cognizance  of  our 
fenfes,  can  ever  be  demonstrated 

As  the  experiment  made  with  the  ball  heated  in  boiling 
water  appeared  to  me  to  be  very  interesting,  I  repeated  it 
twice,  and  its  refults  were  always  nearly  the  fame. 

The  mean  retults  of  thefe  three  experiments  were  as  fol¬ 
lows  :  . 


at 


Comparative 
view  of  the  ex¬ 
periments, 


Time  elapfed. 

Temperature  of  the 

reckoned  from 

water  in  the  cork  cup, 

the  beginning  of 

as  fhewn  by  the  ther- 

the  experiment. 

mometer. 

Min. 

Sec. 

* 

0 

0 

• 

r 

- 

- 

- 

-  - 

32° 

At  0 

50 

the  thermometer  beg 

un  to  rife. 

32-f 

At  1 

2 

had  rifen  to 

- 

•m 

33 

1 

7 

m 

- 

mm 

- 

- 

34 

1 

18 

- 

- 

- 

- 

- 

- 

35 

2 

2 

m 

-  J 

- 

- 

-  — 

36 

3 

2 

m 

- 

- 

- 

- 

- 

36\ 

4 

17 

m 

- 

- 

•» 

- 

«■»  m 

37 

6 

12 

- 

- 

- 

- 

- 

•  mm 

38  . 

7 

J  7 

m 

- 

- 

- 

- 

38i 

9 

0 

- 

- 

- 

- 

•» 

- 

33-1 

12 

0 

- 

- 

- 

- 

- 

- 

38$ 

14 

0 

m 

m 

- 

- 

- 

38$ 

By  comparing  the  mean  refults  of  thefe  experiments  with 
the  mean  refults  of  thofe  in  which  the  ball  was  at  the  tempe¬ 
rature 
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rature  of  60°,  we  may  Tee  how  much  more  rapidly  the  ther¬ 
mometer  in  the  cork  cup  acquired  heat  when  the  metallic  ball 
was  relatively  cold  than  when  it  was  at  the  temperature  of 
boiling  water  ;  and  it  is  more  than  probable  that  it  was  not  till 
after  the  conical  metallic  point  had  been  confiderably  cooled, 
by  a  contaft  with  the  ice-cold  water,  that  thofe  ftreams  of 
moderately  warmed  water  began  to  defcend  from  it,  by  which 
the  thermometer  was  at  length  heated. 

In  the  experiments  made  with  the  ball  heatad  in  boiling  When  the  very 
water,  a  fmall  thermometer,  placed  juft  under  the  furface  ol  ^t  cone  ^ 

1  ,  J  _  ufed,  a  thermo- 

the  ice-cold  water,  on  one  fide  of  the  metallic  point,  began  meter  at  the  fur- 

to  rife  very  rapidly  as  toon  as  the  hot  ball  was  fixed  in  its tace  wa3  heated 

place;  but  another  thermometer  placed  about  half  an  inch — but  a  lower 

lower,  on  one  fide  of  the  cork  cup,  remained  to  all  appear- on~  was  n0k* 

ance  at  perfect  refi,  from  the  beginning  of  the  experiment  to 

the  end  of  it. 

The  explanation  of  all  thefe  appearances  is  fo  eafy  that  it  Explanation; 
would  be  a  wade  of  time  to  fay  much  on  that  fubjecf.  It  may 
however  be  ufeful  to  recapitulate  the  principal  phenomena, 
and  fhew  in  what  manner  they  tend  io  eftabiifii  the  facts  which 
they  are  brought  to  prove. 

Every  body  mu  ft  fee,  at  the  firfi  glance,  that  in  all  thefe  - hat  flighty 
1  J  ...  riii  .  w  heated  water 

experiments  the  heat  which  cauled  the  thermometer  to  rile  was  defcemkj 

carried  down  into  the. corlc  cup  by  defeending  currents  of 

warm  water;  and  it  is  evident  that  water  which  defeends 

mu  ft  of  neceffity  be  fpecifiealiy  heavier  than  that  in  which  it 


delcends. 

From  the  refulfs  of  thefe  experiments  we  may  conclude  that — and  thegreat- 
the  denfity  of  water  is  a  maximum  when  that  fluid  is  at  a  tem-  th-r  below  40™ 
perature  feme  what  lower  than  that  of  the  fortieth  degree  of 
Fahrenheit’s  thermometer. 

In  all  the  foregoing  experiments,  more  or  lefs  warm  water 
defeended  through  the  ice-cold  water  into  the  cork  cup;  but 
the  refults  of  the  experiments  which  were  made  with  the  me-  Hotter  water  is 
tallic  ball  heated  in  boiling  water,  fliew  evidently  that  when  and  a'“ 
the  particles  of  water  at  or  near  the  furface  of  a  quiefeent  niafs 
of  ice-cold  water,  are  by  any  means  heated  to  a  temperature 
feveral  degrees  above  that  of  40^  of  the  fcalc  of  Fahrenheit, 
luch  particles,  fo  heated,  become  fpecifiealiy  lighter  than  ice- 
cold  water,  and  consequently  cannot  dele  cud  in  that  coin  -mu 
denfer  liquid, 
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With  the  hot 
cone  fomc  of 
the  fluid  afcend 
ed  and  tome  de 
fcended. 


Cork  a  good 
non -conduit  or. 


Cautions. 


Apparatus  by 
which  the  cone 
\*as  fixed. 
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In  the  experiments  in  queftion,  (with  the  hot  ball)  fome  of 
the  particles  of  the  water,  name!)’,  thole  which  came  firft  into 
contaCt  with  the  conical  metallic  point,  were  heated  to  a  higher 
temperature  than  that  at  whicii  they  were  difpofed  to  link  in 
ice-cold  water;  and  thefe  rofe  and  fpread  themfelves  over  the 
furface  of  the  cold  liquid;  but  others,  which  happened  to 
acquire  lefs  heat,  delcended  in  it,  and  after  filling  the  cork 
cup,  overflowed,  no  doubt  its  brim,  and  then  descending  to 
the  bottom  of  the  brafs  cup,  and  coming  into  contaCt  with 
that  ice-cold  metal,  were  there  cooled,  and  there  remained 
at  reft. 

As  cork  is  an  excellent  non-conduCtor  of  heat,  the  warm 
water  accumulated  in  the  cork  cup  during  an  experiment  re¬ 
tained  its  heat  a  long  time  after  the  heated  ball  was  removed, 
notwithftanding  its  being  furrounded  on  all  fides,  and  even  co¬ 
vered  immediately  by  ice-cold  water;  (which  by  the  by  is  a 
pretty  ftrong  proof  that  water  is  by  no  means  a  good  conductor 
of  heat)  care  however  was  taken,  not  only  to  remove  this 
warm  water  after  each  experiment,  by  brufhing  it  away  with 
the  foft  end  of  a  llrong  feather  or  quill,  but  alfo  to  cool  the 
cup,  and  reduce  it  to  the  temperature  of  freezing  water; 
which  laft  operation  was  found  to  be  much  accelerated  by 
brufhing  it  out  frequently  with  the  feather.  In  order  that  this 
feather  might  ilfelf  be  ice-cold,  it  was  buffered  to  remain  con- 
ftantly  in  the  ice-cold  water,  in  the  cylindrical  veffel. 

I  muft  not  forget  to  give  an  account  of  the  means  ufed  for 
fixing  the  metallic  ball  in  its  place.  This  w'as  done  in  a  very 
fimple  and  effectual  manner.  A  flip  of  ftrong  tin  (G  H)  fix 
inches  long,  and  2|  inches  wide,  with  a  circular  hole  in  the 
middle  of  it,  one  inch  in  diameter,  being  laid  horizontally  on 
the  top  or  brim  of  the  cylindrical  veffel,  in  fucli  a  manner  that 
the  center  of  that  circular  hole  coincided  with  the  axis  of  the 
cylindrical  veffel,  the  fhort  cylindrical  projection  belonging  to 
the  ball  being  introduced  into  that  hole,  the  ball  was  firmly 
fupported  in  its  proper  place. 

The  quantity  of  ice-cold  water  in  the  cylindrical  veffel  was 
fo  regulated  that  the  whole  of  the  conical  point  being  fub- 
merged,  the  furface  of  the  water  was  on  a  level  w  ith  the  lower 
end  of  the  cylinder,  or,  which  is  the  fame  thing,  with  the 
bafe  of  the  inverted  cone. 


4 


When 
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When  not  only  the  whole  of  the  conical  point,  but  a  part  The  conical 
alfo  of  the  (hort  cylinder  were  Iminerfed  in  the  ice-cold  water,  fo^thcYmrnextd 
the  warmed  water  appeared  to  be  thrown  into  eddies  in  itsde-  metal. 

(cent,  which  difperfing  about  prevented  its  falling  regularly  in 
one  continued  dream  into  the  cork  cup. 

'To  conclude,  I  would  juft  oblerve,  that  although  the  fore- It  is  not  eafy  to 
going  experiments  appear  to  me  to  be  perfectly  unexception-  ^ape^e^UjrtVC 
able,  and  that  their  refults  afford  demonftrative  proof  of  the  elevated  temper- 
fads  which  they  were  contrived  to  eftablifti;  yet,  when  at-atures: 
tempts  are  made  by  experiments  fimilar  to  thefe,  to  determine 
whether  heat  can  be  made  to  pafs  doicnivards  in  water  which 
is  at  a  higher  temperature  than  that  at  which  its  denftty  is  a 
maximum,  difficulties  occur  which  appear  to  me  to  be  quite 
inlurmountabie. 

The  fluidity  of  water  is  fo  perfed,  or  the  mobility  of  its  f°r^hc  fides 
particles  fo  great,  that  the  liquid  at  the  furface,  which  is  firft  greatiy  modify 
heated  and  rarefied,  immediately  fpreads  far  and  wide,  and  the  effects  by 
meeting  with  the  tides  of  the  containing  veflel,  heats  them,  U* 

and  this  heat,  fo  acquired,  making  its  way  downwards  (as 
well  as  upwards)  in  the  lolid  fubftance  of  which  the  veflel  is 
conftructed,  raifes  the  temperature  of  the  lower  ftrata  of  the 
fluid  in  contad  with  it,  which  moving  towards  the  axis  of  the 
veflel,  communicates  heat  to  a  thermometer  placed  there,  be¬ 
low  the  furface  of  the  water. 

That  thefe  various  operations  do  in  fact  take  place,  nobody  Fails  which 

can  doubt  :  and  it  appears  to  me  to  be  the  more  probable  that  binty  ^ha^con- 

all  the  heat  which  a  thermometer  placed  below  the  furface  of liderable  heats 

warm  water  acquires  when  a  great  degree  of  heat  is  applied  mtueddown-^ 

to  the  particles  of  that  fluid  which  ate  at  the  furface,  is  in  fad  wards  through 

received  from  the  Tides  of  the  containing  veflel,  not  only  be-  fluid*  by  the 

°  agency  of  the 

caufe  the  thermometer  acquires  heat  fo  very  (lowly,  but  alio,  veiTel. 
and  more  efpecially,  becaufe  this  heat  is  acquired  much  more 
(lowly  when  the  containing  veflel  is  wide  than  when  it  is  nar- 
row;  and  alfo  when  it  is  made  of  a  fubftance  which  is  a  good 
condudor  of  heat  than  when  it  is  conftruded  of  a  fubftance 
which  is  a  bad  condudor  of  heat,  as  I  have  found  by  experi¬ 
ment.  But  as  this  particular  enquiry  is  foreign  to  my  prelcnt 
purpofe,  I  lhall  not  enlarge  on  it  in  this  place. 
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II. 
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Description  of  a  P  ref  for  preferring  botanical  Stiff eds  ;  xvith  an 
Account  of  the  Succef  of  the  Improvement  in  the  Art  of  Blujl- 
ing  pointed  out  by  Mr.  Jessop  in  this  Journals  In  a  Letter 
from  Mr.  Tho.  Harrison. 


SIR, 


To  Mr.  NICHOLSON. 


JELLING  defirous  to  make  a  collection  of  the  plants  which 
grow  in  the  neighbourhood  ot  Kendal,  and  to  preferve  them 
in  an  herbarium,  I  was  naturally  led  to  a  coniideration  of  the 
different  methods,  which  have  been  ufed  by  botanifls,  of 
drying  and  preserving  fpecimens  ;  but  finding  none  to  com¬ 
plete  and  expeditious  as  I  could  with,  I  therefore  adopted  a 
plan  of  my  own,  which  I  am  perfuaded  will  be  found  to  an- 
ivver  every  purpofe  that  the  botanift  can  require.  The  real 
utility  which  is  to  be  derived  by  a  young  botanift  from  the 
prefervation  of  plants,  is  the  power  of  future  examination,  and 
to  anfwer  the  purpofe  the  natural  appearance  of  each  fpeci- 
nien  ought  to  be  preferved  as  calculated  to  produce  thiseffedj 
for  hnce  the  feed-veflcls  and  hems  of  plants  occupy  much 
more  (pace  in  thicknefs  than  the  leaves,  in  order  to  preferve 
the  latter  from  fhrivelling,  the  two  former  muft  generally  be 
bruifed  in  fuch  a  manner  as  totally  to  preclude  any  accurate 
invefligation  afterwards  :  and  this  on  trial  is  found  to  be  the 
cafe  :  betides,  all  the  plants  that  happen  to  be  in  the  prefs  at 
the  fame  time,  however  various  their  texture,  are  fubjeded 
to  the  fame  degree  of  preffure. 

i  l.c  plan  recommended  by  T.  X  elley,  Efq.  feems  equally 
exceptionable;  I  mean  the  method  of  placing  the  plant  when 
*  ween  I'everai  fheels  of  blotting-paper,  and  ironing  it 

with  a  large  fmooth  heater  pretty  ft  t  ong  ly  warmed,  till  all  the 
moifture  is  diliipated.  By  this  method  it  is  evident  that  the 
parts  of  frudification  mult  be  much  bruifed:  it  mav  preferve 
the  colour  of  the  blofVoms  better  than  any  other,  but  this  in 
the  fcience  of  botany  is  not  very  effential,  at  leaf}  if  it  was,  J 
believe  that  no  method  hitherto  difeovered  will  fucceed  uni- 
verfally  in  arreftmg  the  fading  beauty  of  delicate  fio  vvers. 
•The  next  pian  which  is  given  by  Dr.  Withering,  ts  one  ufed 

by 
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by  a  Mr.  \\  hatfeley  a  furgeon,  bat  his  contrivance,  though 
certainly  better  adapted  to  preferve  the  parts  of  fructification 
and  the  thape  ot  the  (lem  entire  than  the  two  former,  I  found 
would  take  up  much  more  time  than  a  country  furgeon  can 
well  (pare  ;  therefore  this  led  me  to  make  what  I  thought  an 
improvement  on  Mr.  Whateley’s  plan,  and  the  experienced 
botanift  is  left  to  judge  of  my  luccefs  from  the  following  de¬ 
scription;  this  I  can  (av  for  it,  that  it  anfwers  completely  (of 
courle)  to  my  own  with  ;  but  further,  that  Mr.  John  Gough, 
ot  Middlefhaw,  who  lias  the  bed  collection  of  plants  in  this 
county,  regrets  that  he  had  not  the  fame  contrivance,  and 
has  urged  me  much  to  fend  you  the  following  defcription  of 
my  prefs.  t  , 

J  his  indrument  condds  ot  17  oblong  boxes,  each,  except-  The  author’* 

ing  the  uppermod  and  lowermod,  is  made  of  four  ddes  of  ?e'T  p,rei\de' 

..  c  '  .  lcribed.  Itoti- 

well-teatoned  oak  wood,  two  inches  deep  and  one-fourth  of  fills  of  a  fern  s  of 

an  inch  thick,  dove-tailed  together;  the  two  end-pieces  of  Ci'a.vs  or  b°xes» 

,  .  ,  ,  f  ,  ®  .  1  having  (all  but  j 

which  have  two  notches  each  m  the  middle  wherein  to  place  the  loweft)  can- 

tke  fingers  in  lifting  it;  and  the  bottom  coniifts  of  canvas va^  bottom\* 
glued  and  nailed  to  the  wooden  frame  :  in  each  corner  is  fixed  fand,  and  tile 
a  ImaU  triangular  piece  of  wood  reaching  half  an  inch  from  Plants  are  lai^ 
the  bottom  upwards  (for  a  purpofe  hereafter  to  be  explained);  ascC 
Thefe  boxes  are  made  fo  as  to  be  placed  one  within  another 
fuccedively  upwards,  the  lowed  (I  am  fpeaking  only  of  the 
15  with  canvas  bottoms)  mea lures  <20  inches  by  16  on  the 
outdde,  and  the  highed  12  inches  by  8.  The  bottomed,  or 
carriage  on  which  all  the  others  are  liipported,  is  much 
ftronger,  the  tides  of  it  being  two  inches  deep  and  three  quar¬ 
ters  of  an  inch  thick  :  its  bottom  is  of  wood  of  the  fame 
thicknefs,  all  over  perforated  with  holes  one-third  of  an  inch 
in  diameter,  and  reds  on  four  iron  cadors,  one  at  each  cor¬ 
ner,  to  render  the  whole  more  eafily  moveable ;  at  each  end 
ot  it  there  is  an  iron  handle:  This  box  is  20  inches  by  1(> 
within,  and  will  therefore  barely  receive  the  larged  of  the 
boxes  writh  canvas  bottoms.  The  uppermod,  or  17lh  box,  is 
of  the  fame  condruCtion  as  the  canvas  boxes,  excepting  that 
its  bottom  is  of  wrood  of  the  fame  thicknefs  as  its  Tides,  with  a 
number  of  holes  pierced  through  of  the  dime  magnitude  as 
tbofe  in  the  carriage,  and  canvas  glued  to  the  under  fide  of  it. 

To  complete  this  prefs,  two  folds  of  blotting-paper  are  to  be 

placed 
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placed  over  the  holes  in  the  bottom  of  the  carriage,  in  which, 
as  well  as  all  the  canvas-boxes,  muff  be  put  an  inch  in  depth 
of  the  fineff  land,  watlied  and  fified  ;  river  (and  is  mod 
eligible,  as  being  lead  angular;  which  fand  mud  be  made 
level  on  the  top  by  drawing  over  it  a  rule  that  reaches  one 
inch  into  each  box  :  thefe  boxes  are  placed  one  within  another, 
and  each  by  containing  an  inch  depth  of  fand,  railes  the  in¬ 
cumbent  frame  one  inch,  fo  that  when  they  are  thus  charged 
and  placed  one  upon  another,  the  whole  makes  a  truncated 
pyramid  of  18  inches  in  height,  and  weighing  about  1  cvvt. 
The  uppermod  box  may  be  filled  with  fand,  or,  if  more 
weight  be  necellary,  with  (hot.  To  this  box  I  have  added 
(what  is  by  no  means  eflential)  a  cap,  confiding  of  the  iides 
of  three  boxes  fixed  one  within  another,  each  projecting  one 
inch  above  its  inferior,  for  the  fake  of  uniformity  ;  the  top  is 
covered  by  a  thin  board ;  when  this  cap  is  placed  upon  the 
uppermod  box,  the  whole  has  not  an  inelegant  appearance. 
Reference  to  the  Led  the  defcription  fiiould  not  be  fufficiently  clear,  I  have 
engraving.  fetched  the  following  figure,  representing  a  perpendicular 
feCtion  of  the  prefs  viewed  on  one  fide  of  it.  Plate  XV. 

Fig.  1.  represents  a  perpendicular  fection  of  the  prefs  made 
length  wife. 

a.  The  end  of  the  bottomed  box  or  carriage. 

b.  Its  bottom  part  perforated  with  holes. 

c.  The  end  of  the  fird  box  with  a  canvas  bottom. 

d.  The  canvas  bottom. 

e.  The  fand  which  but  half  fills  the  box. 

/.  The  17th  or  uppermod  box,  with  a  perforated  wooden 
bottom. 

g  g  g.  Reprefent  the  end  of  the  cap  formed  of  the  frames 
of  three  boxes,  in  the  empty  fpace  of  which  may  be  placed 
the  botanift’s  pocket  box. 

Fig.  2.  reprefents  the  rule  wherewith  the  fand  is  made  level 
in  the  boxes ;  it  is  18  inches  long. 

h .  A  notch  one  inch  deep. 

i.  The  edge  made  thin. 

k.  A  notch  an  inch  long. 

Fig.  3.  reprefents  the  end  of  a  canvas  box. 

1 1.  The  two  notches  to  place  the  fingers  in  when  the  box 
is  to  be  lifted. 

The 
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The  Method  of  vjing  it. 

After  a  fpecimen  is  fele&ed,  a  flip  of  paper  is  to  be  at¬ 
tached  lo  if,  containing  its  name,  place  of  growth,  and  time 
of  gathering.  The  boxes  are  then  lo  be  taken  off  by  three  or 
four  at  a  time,  until  the  number  removed  may  be  judged  to  be 
of  fufficient  weight  to  produce  the  neceffary  preffure.  On  the 
fund  in  the  box  thus  (elected  for  ufe,  a  tingle  fold  of  blotting- 
paper  inuft  be  placed  ;  upon  that  the  plant,  taking  care  to 
preferve  as  much  as  poflible  the  natural  pofition  of  its  charac- 
terifiic  parts:  Over  the  plant  a  fecond  fold  of  paper  mutt  be 
laid,  and  then  the  boxes  are  to  be  replaced.  If  the  plant  be 
woody  and  require  much  pretfure,  place  it  near  the  bottom  ; 
but  if  fucculent,  near  the  top;  and  herein  confifls  one  great 
advantage  of  this  prefs  over  every  other,  fince  the  preffure  can 
be  felecled  or  varied  at  pleaiure,  and  all  the  parts  of  the  plant 
preffed  equally  ;  for  if  the  plant  be  fucculent,  the  preffure  can 
fcarcely  be  too  flight  at  fird,  and  may  be  gradually  increafed 
without  ever  bruifmg  the  tendered  part ;  and  if,  on  the  other 
hand,  flrong  preffure  be  required,  the  plant  may  be  placed 
in  the  bottomed  box  ;  and  if  the  weight  of  fand  be  not  thought 
fufficient,  any  number  of  the  boxes  next  above  it  may  be 
loaden  with  fmall  fhot,  by  which  the  preffure  may  be  increafed 
until  the  boxes  be  full,  when  the  preffure  exerted  would  be 
much  greater  than  the  ftronged  plants  could  bear  without 
having  fome  of  its  effential  parts  defaced.  Another  advantage 
which  led  me  to  give  a  preference  to  this  method  of  prelfing 
plants,  was  the  great  laving-  of  time;  for  though  my  profef- 
donal  avocations  diould  require  my  immediate  prefence  at  a 
didance,  and  thus  drag  me  from  this  innocent  amufement 
when  in  the  buffed  part  of  claffing  and  arranging  my  fpeci- 
mens,  and  though  my  prefs  fnould  be  completely  leparaled 
into  its  condituent  parts,  yet  the  whole  can  be  arranged,  in 
the  fpace  of  one  minute,  to  remain  until  the  next  leifure  time 
that  may  occur ;  fo  that,  in  fact,  with  this  contrivance,  botany 
is  a  dudy  that  can  be  entered  into  or  given  up  as  it  may  fuit 
the  convenience  of  a  moment;  which  is  not  the  cafe  where 
any  of  the  plans  deferibed  in  Dr.  Withering’s  Introduction  to 
the  Study  of  Botany  *  are  followed. 


Method  of  ufmg 
it. 

The  plants  arc 
* 

laid  between 
blotting-paper, 
and  the  preifure 
regulated  by  the 
number  of  boxes 
above  each,  &c» 


*  Third  Edition. 
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Remarks  on  the  It  may  be  neceifary  to  explain  fome  parts  of  the  firuClurcf 

vantages  of  this  ^ie  Pre^s*  The  holes  in  the  bottomed  and  uppermofi  boxes 

contrivance.  are  to  admit  of  the  circulation  of  air  and  the  evaporation  of 
moifiure,  which  will  be  confiderable  when  the  prefs  without 
its  cap  is  placed  within  the  influence  of  the  fun  or  fire,  as  it 
always  ought  to  be  :  and  the  fmall  triangular  pieces  of  wood 
in  the  corners  of  each  box,  are  to  prevent  the  upper  boxes 
from  pretling  folely  on  the  canvas  bottom  of  the  loweft 
box,  when  any  number  are  lifted  together:  thefe  may  at 
firfi  fight  appear  likely  to  impede  the  p  refill  re  of  the  fand 
when  placed  in  the  prefs,  but  this  objection  will  vanifli  when 
it  is  recollected  that  each  box  contains  an  inch  depth  of 
fand  :  and  it  is  evident,  on  examination  of  the  prefs,  that 
the  tides  of  the  boxes  ferve  no  other  purpofe  than  to  keep 

the  fand  together ;  for  they  are  perceptibly  moveable  in  a 

perpendicular  direction,  and  fufiain  no  prefl'ure  from  the 
fuperior  boxes ;  therefore  the  plant  is  placed  as  if  in  a  heap 
of  fand. 

The-  beft  me-  I  am  afraid  I  have  already  trefpafled  too  long  on  the  atten- 

oiod  of  prefciv-  t|on  Qf  t[ie  reac]er  but  I  cannot  difmifs  (lie  fubiect  without 

ing  aned  plants  ...  J 

is  to  Hitch  them  offering  a  few  obfervations  on  the  manner  of  preserving  plants 

to  a  paper.  after  they  are  dried.  There  have  been  at  leafi  three  methods 

u  fed  :  fir  ft,  fixing  them  to  paper  by  the  aid  of  gum-water: 
fecond,  placing  them  loofely  in  a  book  :  third,  fiitching  them 
with  thread  to  a  filed  of  paper.  The  fir  ft  plan  appears  to  me 
the  leafi  eligible,  for  it  cannot  be  neatly  executed  unlefs  the 
plant  be  prefled  nearly  flat,  and  by  fixing  it  to  the  paper  it 
can  never  admit  of  an  accurate  examination  in  future,  but 
becomes  a  mere  piClure,  and  a  very  imperfeCl  one;  for  almoft 
every  difiinguifliing  character,  efpecially  the  parts  of  fructifi¬ 
cation,  are  injured  or  defaced  ;  even  the  general  habit  is  often 
fo  much  altered  that  the  plant  could  not  be  afeertained,  were 
it  not  for  the  name  generally  fubferibed  at  its  root.  The 
fecond  plan  is  alfo  objeClior.able ;  for  though  the  plant  may 
at  any  time  be  fubjected  to  examination,  yet  by  lying  loofe  in 
a  book,  it  is  very  apt  to  be  broken  by  the  leafi  motion,  par¬ 
ticularly  when  kept  dry,  which  all  preferved  plants  ought  to 
be.  The  third  appears  to  me  the  leafi  liable  to  objection  ; 
for  if  the  plant  be  neatly  fiitched  down,  it  will  not  be  fubject 
to  lud)  motion  as  to  injure  its  parts;  and  by  cutting  the 

threads 
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threads  it  may  be  detached  from  the  paper,  and  fubje&ed  to 
any  future  invedigation. 

I  am,  Sir, 

Your’s,  & c. 

Kendal,  July  8,  THOMAS  HARRISON. 

1805. 
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P.  S.  I  cannot  refrain  from  calling  to  the  recolle6tion  of  Account  of  the 
your  readers  a  valuable  paper  in  the  9lh  Vol.  p.  230,  of  your  ti o^o f ' t h eP  1  * ” 
Journal,  recommending  the  ufe  of  fand  in  the  blading  of  rocks,  method  of  blaft- 
The  effects  there  related  of  this  timple  agent,  I  confefs  did  in£  rocksmdi- 
aftonidi  me  more  than  any  thing  I  ever  read  :  and  as  very  fe-  journal  by  W, 
rious  and  even  fatal  accidents  have  happened  by  the  method  of  Je^°P>  a 
ramming  blads  with  done  in  the  limedone  and  date  quarries 
in  this  neighbourhood,  I  was  determined  to  repeat  the  experi¬ 
ment  the  fird  opportunity,  and  thus  fliew  its  effe6ts  to  the  men 
who  work  in  thofe  places.  Accordingly  no  long  period 
elapfed  before  I  had  occaiion  to  be  in  the  neighbourhood  of 
the  flate  quarries  in  Longdiddale,  about  ten  miles  from  Ken¬ 
dal  ;  when  I  went  to  one  of  thofe  quarries,  taking  with  me 
a  bag  of  fin  all  fand,  confiding  of  powdered  freedone  ufed 
in  this  country  to  fcour  pans  with,  and  drew  upon  the  done 
doors.  I  mentioned  my  budnefs  to  one  of  the  workmen  who 
was  then  engaged  in  boring  a  hole  24  inches  deep  and  about 
an  inch  diameter  in  a  date  rock ;  the  ftralum  was  about  27 
inches  thick,  and  reclined  from  the  perpendicular  about  20 
degrees;  and  this  being  the  drd  blad,  it  was  confcquently 
firmly  furrounded  and  dxed  in  on  all  ddes  by  (olid  rock  :  The 
part  that  he  wanted  to  throw  out  by  the  blad  was  fuppoled  to 
be  dve  ton  weight :  The  direction  ot  the  hole  which  he  was 
boring  was  perpendicular  to  the  dratum,  and  therefore  ele¬ 
vated  above  the  horizon  about  20  degrees.  He  Imiled  at 
my  propofal,  but  faid  he  would  try  the  experiment  to  fatisfy 
me,  provided  I  would  pay  for  the  powder  it  it  failed  ;  but  he 
feemed  to  think  that  I  had  a  very  poor  idea  of  biading,  to 
believe  that  a  little  light  fand  would  anlvver  the  purpofc  ot  the 
laborious  and  dangerous  procefs  of  ramming  which  he  had  been 
accudomed  to  ufe.  However,  he  charged  his  blad  with  pow¬ 
der  in  the  manner  he  had  been  ufed  to  do ;  i*  z*  into  this  hole 
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of  21  inches  in  depth,  lie  put  as  much  powder,  together  with 
two  or  three  pieces  of  broken  flicks,  of  half  an  inch  diameter 
and  about  four  or  five  inches  long,  as  reached  12  inches  up¬ 
wards  :  The  flicks  he  introduced  for  the  ptirpofe  of  keeping 
the  powder  loofe  in  the  hole,  fo  that  it  might  take  tire  more 
nearly  all  at  the  fame  inflant :  This  done,  he  put  in  a  phprged 
ilraw,  into  the  outer  end  of  which  was  fixed  a  match-paper; 
and  laftly,  he  (with  a  fmirking  countenance,  anticipating  the 
joy  he  expe&ed  to  feel  at  my  difappointment)  filled  up  the 
hole  with  fund.  The  match  was  then  fired,  upon  which  we 
removed  to  a  diftance,  and  the  powder  foon  exploded ;  when 
he  immediately  exclaimed,  from  the  peculiarity  of  the  report, 
though  the  effect  was  unfeen  by  him,  that  the  rock  was  as 
completely  fhattered  as  if  the  hole  had  been  rammed  with 
ifone  ;  and  a  view  of  the  place  verified  the  prediction.  Since 
that  time  the  plan  has  been  adopted  in  that  and  mod  of  the 
neighbouring  quarries,  with  the  ufe  of  (mail  fand  which  is 
waffled  out  of  the  river  in  floods,  and  the  method  anfwers  as 
W’ell  as  the  old  one  which  was  attended  with  fo  much  danger. 
In  one  cafe  the  fand  was  thrown  out  twice  without  any  efftft 
on  the  rock  ;  the  third  time,  the  hole  wras  rammed  in  the  ufual 
manner  with  flone,  which  w'as  thrown  out  likewife  ;  fo  that 
the  new  procefs  fortunately  lofl  no  reputation. 

I  have  detailed  thus  much  in  confirmation  of  the  valuable 
paper  before  mentioned,  and  in  hopes  that  it  may  induce  fome 
of  your  readers  who  refide  in  the  neighbourhood  of  mines  or 
quarries,  to  endeavour  to  introduce  this  fafe  a*nd  eafy  method 
in  lieu  of  the  dangerous  and  tedious  one  of  ramming  witfi 
ftone,  in  which  procefs  we  have  had  repeated  inftances  ot 
tiie  lofs  of  limb,  vifion,  and  even  life  itfelf:  In  the  ufe  of 
land  there  is  comparatively  no  danger,  and  by  adopting  this 
plan  many  a  valuable  life  will  be  faved. 
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III. 

Defer iption  of  a  Safety  Valve,  containing  a  Vacuum  Valve  in  the 
fume  Hole  of  the  B oiler .  By  Sir  A.  N.  Edelcrantz.* 

1  N  large  boilers  or  coppers,  where  boiling  fluids  are  en- Large  boilers  re. 

doled,  a  fafety  valve  is  generally  ufed  to  prevent  their  burft-  and^va- 

ing,  from  an  unexpe&ed  exceflive  force  of  the  elaflic  fleam,  cuum  valve. 

and,  befldes,  a  vacuum  valve,  to  prevent  their  being  com- 

prefled  or  era  (lied  by  the  weight  of  external  air,  in  the  cafe 

of  a  (udden  condenfation  of  the  vapours,  Thefe  two  valves 

are  commonly  fitted  in  two  different  holes  in  the  boiler;  but 

as  a  more  Ample,  and  confequently  more  eligible,  method 

ieems  to  be  that  of  joining  them  together,  I  take  the  liberty 

to  fubmit  to  the  Society  for  the  Encouragement  of  Arts,  &c. 

the  following  contrivance  for  that  purpofe 

a  h,  Plate  All.  Fig.  2.  is  a  common  conical  fafety  valve,  Defcriptlon  of  a 
fixed  in  the  boiler  c  d,  having  four  openings,  i  i,  which  are  b|)t{1pei' 
reprefented  in  a  plan  view  in  Fig  3  :  e  f  is  the  metallic  rod,  offices, 
bearing  the  weight  K  K,  with  which  the  fafety  valve  is 
loaded,  and  extending  itfelf  under  that  valve  to/;  g  h  is  the 
vacuum  valve  confiding  in  a  plane  circular  plate,  with  a  brafs 
tube  Aiding  along  the  rod,  and  preffed  by  a  fpiral  fpring  to 
the  fafety  valve  a  h  (againft  which  it  has  been  well  ground  in 
making  it),  doling  in  that  fituation  th.e  openings  i  i. 

Such  being  the  conflruction  of  the  whole,  it  is  evident,  that  It  is  a  loaded 
when  the  elafticity  of  the  fleam  increafes,  the  two  valves, 
joined  together,  with  the  holes  i  i  fhut,  make  but  one,  oppo-  its  plarea 
fing  to  the  elafiicity  of  the  fleam  an  united  refiflance,  which  fpre^fnvaj^vrlw 
is  regulated  by  the  weight  k  k,  in  the  common  wray  ;  but,  on  Wllrds, 
the  contrary,  when  by  condenfation  of  the  vapours  a  vacuum 
is  produced,  the  external  air  in  prefling  througn  i  i,  upon  the 
vacuum  valve g  h,  forces  it  down,  and  opens  to  itfelf  a  paflage 
into  the  boiler. 

The  valve  g  h  may  eafily  be  made  conical,  like  the  other, 
if  that  form  fliould  be  preferred  ;  but  in  different  trials,  I  have 
found  planes,  if  w  ell  turned  and  ground  together,  join  as  per- 

*  From  the  Memoirs  of  the  Society  of  Arts  for  1S04.  The 
dilver  medal  was  awarded  for  this  invention. 
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to  a  former  con 
trivan  ce. 


fedtly  as  can  be  defired,  being  prefled  by  the  united  elaflicity 
of  the  fpring  and  the  fleam. 

The  fame  applied  Fig,  4.  js  the  fame  contrivance  adapted  to  a  new  kind  of 
’ J'afely  valve  or  piflon,  which,  though  I  originally  intended  it 
for  the  ufe  of  Papin’s  digeflers  of  a  new  conflrudlion  *,  has 
been,  in  a  larger  fize,  applied  by  me  even  to  fleam  engines, 
and  is  deferibed  in  the  Philofophical  Magazine  of  Decem¬ 
ber,  I80i3.f 

I  have  lately  begun,  and  fhall  purfue,  a  fet  of  experiments, 
with  the  intention  of  regulating  by  this  fafety  piflon,  the 
quantity  of  admitted  air  to  fire-grates,  and  to  effect,  by  that 
means,  a  new  mode  of  regulating  the  fire,  and  the  elaflicity 
of  fleam  in  boilers,  with  lefs  expenditure  of  fuel  and  of  force 
than  ufual ;  of  which  idea  a  hint  is  given  in  the  work  and 
place  above  mentioned.  The  refult  of  thefe  refearches  I 
(ball  at  fome  future  period  do  myfelf  the  honour  of  communi¬ 
cating  to  the  Society. 


Other  experi¬ 
ments. 


nr 


n  d  *1 


-  ,r> 


IV. 


M 


«,,!  r  ,  I  •  -  r  I 

t  j  »/  /  (.»  f  f  1/"  *  (I 

Obftrrations  and  Experiments  for  the  Purp'Je  of  afeertaining 
the  definite  Characters  of  the  primary  Animal  Fluids,  aud  to 
indicate  their  prefence  by  accurate  chemical  TeJU.  By  John 
Bostock,  M.  D.  Communicated  by  the  Author. 

Great  want  of  The  precifion  which  the  analylis  of  mineral  and  vegetable 

aSmaUnalyfi1^  ^ub^ances  has  attained,  does  not  appear  to  be  yet  extended  to 

particularly  of 

the  fluids.  *  Nicholfon’s  Journal,  March,  1804. 

t  The  defeription  of  this  contrivance  being  already  publifhed, 
it  would  be  fuperfluous  to  repeat  it.  I  only  beg  leave  to  add  the 
following  practical  remark.  A  metallic  pifton,  if  well  turned  and 
fitted  into  a  cylinder  of  exactly  the  fame  kind  of  metal,  will  pro¬ 
bably  have  the  fame  degree  of  expanfion,  efpecially  if  hollow,  and 
confequently  will  not  increafe  its  fri£lion  in  any  increafed  degree 
of  temperature.  But  as  in  practice  the  cylinder  is  commonly  ex- 
pofed  to  a  lower  temperature  than  the  piflon,  heated  by  the  fleam, 
a  little  increafe  of  fri<5lion  will  take  place  by  an  increafe  of  heat. 
To  prevent  the  effe6l  of  this,  I  have  found  it  ufeful  to  employ  for 
the  pifton  a  metal  of  fomewhat  lefs  expanfive  power  than  the  cy¬ 
linder  ;  and  the  expanfion  of  red  copper  being  to  that  of  brafs 
nearly  as  10  to  11,  I  prefer  making  the  pifton  of  the  former  metal, 
when  the  cylinder  is  made  of  brafs. 

(he 
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the  produds  of  the  animal  kingdom.  This  remark  may  be 

applied  both  to  the  folids  and  fluids  which  compole  the  animal 

body,  but  it  is  the  mod:  applicable  to  the  latter  clafs  ot  tub- 

dances.  The  terms  ferous,  mucilaginous,  gelatinous,  8zc. 

are  employed,  even  by  the  mod  efteemed  medical  and  phyfi- 

ological  writers  *,  in  a  vague  and  indeterminate  manner, 

without  attending  either  to  the  original  import  ot  the  word,  or 

to  the  reftri&ed  meaning,  which  it  is  neceflary  to  impofe  upon 

popular  expretiions  when  they  are  adopted  in  fcienlific  re- 

learches.  The  obje£t  of  the  prefent  paper  is  to  afeertain  a 

definite  chara£ter  for  what  I  propole  to  call  the  primary  animal 

fluids,  and  to  difeover  delicate  and  accurate  tefts,  by  which 

their  prefence  may  be  ealily  and  certainly  indicated.  By  pri-  Primary  animal 

mary  animal  fluids,  h  I  mean  thofe  into  which  the  compound 

fluids  exifling  in  the  animal  body  are  capable  of  being  refolved 

by  the  application  of  different  re-agents,  without  uecompofing 

them  into  their  ultimate  elements. 

Albumen. 

The  firfl:  of  the  animal  fluids  which  I  propofe  to  make  the  Albumen,  anent 
fubjedt  of  my  inveftigation  is  the  albivmen.  W  ith  the  excep-  o^  ai^ima]s# 
tion  of  water,  no  fluid  appears  to  enter  fo  largely  into  the  com¬ 
petition  of  the  animal  body.  It  forms  a  very  confiderable  pro¬ 
portion  of  the  blood,  and  is  found  in  greater  or  lefs  quantity 
in  nearly  all  the  fecretions.  It  is  alfo  capable  of  afluming  the 
folid  form,  without  undergoing  any  change  in  its  chemical 
properties;  in  this  flate  it  conflitutes  the  balls  ol  all  tne  mem¬ 
branous  fubflances,  which  are  fo  extenlively  dilpcrfed  through 
every  part  of  the  fyffem;  it  compotes  the  celiular  liflue  into 
which  the  earth  of  the  bones,  and  the  fibrous  matter  of  the 
mufcles  are  depofited,  while  it  enters  largely  into  the  llruc- 
ture  of  thefkin,  the  glands  and  the  veflels.  At  prefent,  how¬ 
ever,  we  (hall  direct  our  attention  to  it  while  in  the  liquid 

form. 

* 

*  Even  Mr.  Abernethy,  in  his  late  valuable  work  on  tumors, 
fpeaks  of  the  gelatinous  part  of  the  blood,  where  I  conceive  from 
the  context,  there  can  be  no  doubt  that  he  intended  to  defignatc  the 

fibrine. 

f  All  the  animal  fluids,  both  primary  and  compound,  are  merely 
folutions  of  a  folid  body  in  water;  but  thofe  fubflances  which  are 
moft  frequently  feen  in  a  flate  of  folution,  have  very  generally  ob¬ 
tained  the  title  of  fluids. 


In 
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Mod  conveni¬ 
ently  obtained 
from  white  of, 

coS* 


In  order  to  obtain  it  in  a  flate  of  purity,  I  had  recourfe  to 
the  white  of  the  egg,  a  fubflance  to  which  the  name  of  albu¬ 
men  was  originally  applied,  and  which  is  ftill  confidered  by 
the  molt  eminent  chemifts  *  as  compofed  entirely  of  this  fub- 
ftance.  In  order  to  afcertain  how  far  this  opinion  was  correft, 

I  kept  a  quantity  of  the  white  of  the  egg  in  a  temperature  of 
212°,  until  it  w-as  firmly  coagulated.  It  was  then  cut  into 
fmall  pieces  and  placed  in  the  upper  part  of  a  narrow-necked 
funnel,  when  a  few'^rops  of  a  brownifh  vifcid  fluid  were  fe- 
parated  from  it.  Other  pieces  of  the  fame  coagulum  were 
kept  for  fome  time  in  boiling  water,  the  fluid  being  then  paffed 
through  a  filtre,  had  acquired  a  light  brownith  colour,  and  a 
faint  odour;  when  agitated  it  was  (lightly  mucilaginous.  By 
White  of  egg,  is  flow'  evaporation,  a  fmall  quantity  of  a  brittle,  femi-tranlparent 

not  pure  albu-  fubftance  was  obtained.  It  appeared  therefore  evident,  that 
men;  it  contains  ,  .  c  r  in 

a  little  of  matter  the  white  of  the  egg  contains  a  (mail  quantity  of  a  tublianco 

not  coagulable.  jnCapahle  of  coagulation,  and  therefore  eflentially  different 

from  albumen.  I  ftill,  hovVever,  continued  to  employ  it  for 

the  purpole  of  afcertaining  the  properties  of  albumen,  as  it 

affords  this  fubflance  in  a  flate  of  greater  purity  than  it  can  be 

obtained  from  any  other  fource. 

White  of  egs  It  was  an  objefl  of  fome  importance  to  afcertain  the  pro- 
contalns  So  parts  portion  which  this  foreign  ingredient  bore  to  the  albumen  iU 
JohdVlbumc^n  felf ;  100  grains  of  firmly  coagulated  albumen  were  kept  for 
and  4,5  unco-  fome  lime  in  boiling  water,  and  this  being  poured  off,  a  fretli 
agulable  matter.  quan^ity  was  added,  and  this  proeefs  repeated  until  the  water 

appeared  to  contain  no  farther  impregnation.  The  whole  of 
the  fluid  was  then  evaporated,  and  a  refiduum  was  left  which 
amounted  to  4§  grains.  Befides  the  admixture  of  this  peculiar 
fubflance,  the  white  of  the  egg  contains  a  confiderable  quan¬ 
tity  of  water,  not  only  in  its  liquid  flate,  but  after  it  is  coagu¬ 
lated.  By  a  gentle  heat  the  water  may  be  evaporated,  and  the 
folid  matter  is  left  behind  in  the  form  of  a  hard,  brittle,  trans¬ 
parent  fubftance ;  I  h  ive  found  that  upon  an  average,  of 
recently  coagu'ated  albumen  may  be  confidered  as  confifting 
of  water.  Hence  it  will  appear,  that  100  grains  of  the  white 
of  egg  confift  of  80  grains  water,  4.5  grains  of  uncoagulable 
matter,  and  15.5  grains  only  of  pure  albumen. 


*  Hatchett,  Phil.  Tranf.  1800,  p.375. 
Thomfon's  Chemiftry,  IV.  p,  484. 
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I  lie  mod  didinguiffiing  chara6teridic  of  albumen  Is  (he  pro-Diftmguifhing 

perty  of  being  coagulated  by  heat,  which  forms  an  obvious  chdra^tcr  of  al- 
,  (■  ,  .  .  J  #  #  bumen  coagvj- 

and  ealy  ted  of  its  prelence,  when  it  exifts  in  a  compound  fated  by  heat. 

animal  fluid  in  any  confiderable  proportion.  In  order  to  af- 

certain  how  (mall  a  quantity  of  albumen  could  by  this  means 

be  rendered  vifible,  I  added  13  grains  of  the  white  of  the 

egg  to  87  grains  of  water,  and  thus  formed  a  folution,  one 

grain  ot  which  contained  grain  of  pure  albumen.  FiveOne  thoufandth 

grains  of  this  folution  were  then  added  to  9,5  grains  of  water,  P3^  m  W3J:cr 
"  ,  _  will  coagulate  j 

lo  that  100  grains  of  water  contained  y-g  grain  only,  or  — 1 


luoo 


of  it  s  weight  of  pure  albumen.  This  w'as  <  xpofed  to  the  heat 
of  boiling  water,  and  a  perceptible  opacity  was  produced  in 
the  fluid. 

The  efle&s  of  the  oxymuriate  of  mercurv  were  next  tried — oxymuriate  ot 

One  drop  of  a  ialurated  folution  of  this  (alt,  added  to  1 00 mercury  prcci- 
•  .  .  .  pitates  it  j 

grains  of  water,  containing  of  its  weight  of  albumen, 

produced  a  very  evident  milkineis ;  after  tome  hours  a  curdy 
precipitate  feparated  and  fell  to  the  bottom.  A  folution  ot 
half  the  drength,  containing  only  of  its  weight  of  albu¬ 

men,  was  then  tried  by  the  fame  re-agent,  and  even  in  this 
indance,  a  diffidently  obvious  effect  was  produced. 

The  nitro-muriale  of  tin  is  a  powerful  coagulater  of  albu — ns  does  nitro- 
men  in  its  unmixed  date,  but  I  found  it  not  to  be  fo  delicate muriate  ot  tm* 
a  ted  as  the  oxymuriate  of  mercury.  One  hundred  grams 
of  water,  containing  grain  of  albumen,  i.  e .  ot  its 

weight,  wras  not  affeded  by  this  re-agent  until  after  fome  hours, 
when  the  fluid  exhibited  a  degree  of  milkinefs. 

In  order  to  afeertain  the  effects  of  tannin  upon  albumen,  I  and  tannin, 
macerated  half  an  ounce  of  powdered  galls  in  halt  a  pint  of 
water  for  fome  hours,  and  filtered  the  fluid.  A  deep  brown 
tranfparent  liquor  was  produced,  100  grains  of  which  I  found 
by  evaporation  to  contain  <2\  grains  of  folid  retiduum.  Equal 
parts  of  this  preparation  of  galls  and  of  a  folution  ot  albumen, 
in  the  proportion  of  one  part  to  1000  parts  ot  water,  were 
mixed  together;  at  fird  no  cffe6t  could  be  perceived,  but  aiU.r 
fome  time  an  evident  precipitate  was  formed  and  flow!}  fub- 
fided. 

The  aqua  lithargyri  acetali,  or  extrad  of  Goulard,  is  an  Goulard  throw* 
active  precipitant  of  feveral  animal  fluids;  when  dropped  into 
a  drong  folution  of  albumen,  a  very  copious  and  denfe  pre¬ 
cipitate  is  immediately  formed.  ^ 
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— but  doubt-  It  is,  however,  fomewhat  difficult  to  determine  how  far  this 

ful,y*  effect  depends  upon  the  albumen  itfelf,  as  Goulard  has  been 

confidered  to  be  the  appropriate  left  of  the  uncongclable  part 

of  the  ferum  of  the  blood,  which,  it  may  be  fuppofed,  refem- 

Aqua  lithargyri  bles  the  uncoagulable  part  of  the  white  of  the  egg.  The  aqua 

acetati  plentiful- jjljlargyrj  acetab  \s  hkewife  decompofed  by  leveral  ot  the 
Jy  precipitates  it.  .  ,  .  ,  .  ,  , 

(aline  bodies  which  arc  found  to  exift  in  almolt  all  the  animal 

fluids.  I  have  fometimes  found  it  to  yield  a  precipitate  even 
when  added  to  diftilled  water,  and  in  all  cafes,  after  expofure 
to  the  atmofphere  for  a  few  hours,  the  water  to  which  it  has 
been  added  becomes  turbid,  and  is  covered  with  a  thin  film. 
In  order  to  try  the  effe6t  of  this  re-agent  on  albumen,  I  added 
one  drop  of  it  to  200  grains  of  water,  and  upon  obferving 
that  the  tranfparency  of  the  fluid  was  not  afte&ed,  a  Angle 
drop  of  the  folution  of  albumen,  of  the  fame  ftrength  with 
that  mentioned  above,  was  added.  It  formed  a  denfe  preci¬ 
pitate  as  it  fell  through  the  fluid,  and  upon  agitation,  the  whole 
w’as  rendered  (lightly  milky.  In  this  cafe  the  proportion  of 
the  water  to  the  albumen  was  as  10.000  to  1 ;  to  the  uncoa¬ 
gulable  part  of  the  white  of  the  egg,  it  would  be  about  as 
30,000  to  1 . 

Nitrate  of  filver  The  next  re-agent  which  I  employed  was  the  nitrate  of  fil- 
ver.  A  (ingle  grain  of  a  faturated  folution  of  this  fait  pro¬ 
duced  an  evident  turbidnefs  in  100  grains  of  water,  containing 
■5*5  gr.  of  albumen,  and  after  fome  hours  a  (mail  quantity  of 
a  curdy  precipitate  fell  to  the  bottom  of  the  veflTel.  It  might, 
however,  be  fufpedfed  that  in  this  cafe,  the  e(fe6t  produced 
depended  upon  a  quantity  of  muriate  of  foda  contained  in  the 
albumen.  I  found  that  100  grains  of  water,  containing  only 
~^o^  gr-  of  common  fait  was  rendered  evidently  turbid  by 


alf  >  has  a  like 
effect  ; 


1  C  I 


one  drop  of  the  nitrate  of  filver;*  but  the  precipitate  which 

*  I  weighed  very  exa&ly  a  grain  of  fait,  and  diflolved  it  in  200 
grains  of  water.  One  grain  of  this  folution  was  afterwards  added 
to  39  grains  of  water,  and  by  repeating  the  operation  for  three  fuc- 
ceffive  times,  I  obtained  100  grains  of  water,  containing  only 
of  its  weight  of  fait.  I  then  took  99  grains  of  diftilled 
water,  and  poured  into  it  one  drop  of  the  nitrate  of  filver;  after 
waiting  for  fome  time,  until  I  was  fatisficd  that  no  effett  would 
take  place,  I  added  a  Angle  drop  of  the  laft  folution  of  fait,  thus 
making  it  part  of  the  mixture;  a  faint  but  perceptible 

opacity  was  almoft  immediately  produced; 

is 
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is  formed  by  the  nitrate  of  filver  adding  on  the  muriate  of  foda 
is  in  the  form  of  a  greyifli  powder,  and  fubfides  more  rapidly 
than  it  did  in  the  former  indance,  where  it  produced  a  white, 
flaky  precipitate, 

I  found  that  a  folution  of  albumen  of  the  fame  flrength  with  —and  nitro-mu- 
that  employed  in  the  lad  experiment,  was  immediately  decom-uate  °*  ° 
pofed  by  the  nitro-muriate  of  gold.  One  drop  of  this  metal¬ 
lic  folution  inftantly  produced  a  denfe  white  precipitate  in  100 
drops  of  water,  containing  only  T%>of  a  grain  of  albumen. 

Albumen  in  a  concentrated  date  is  powerfully  coagulated ~”ani1  a^um» 
by  alum  ;  I  found  however,  that  this  re-agent  is  not  fo  accu¬ 
rate  a  ted  of  its  prefence  when  in  a  diluted  date,  as  lome  of 
thofe  which  I  had  already  employed:  -i  grain  of  albumen, 
diflblved  in  100  grains  of  water,  was  indeed  rendered  flightly 
turbid  by  the  addition  of  a  few  drops  of  a  faturated  folution  of 
alum,  but  no  precipitate  was  formed. 

Before  I  conclude  my  account  of  thefe  experiments  I  mud  Obs.  on  the  fb- 
obferve,  that  the  drength  of  the  folution  of  albumen  was  jnlutlonot  albu~ 
all  cafes  rather  lefs  than  my  eftimate.  When  I  added  the  al¬ 
bumen  to  the  water,  a  fmall  portion  of  it  always  remained  in- 
foluble,  and  this  was  feparated  from  the  duid  by  dltration  be¬ 
fore  the  experiments  were  performed.  1  his  infoluble  part  I  v 
dip  pofed  to  confid  of  the  membranous  matter,  with  whicl?  it 
is  faid  that  the  white  of  the  egg  is  interfefted.  The  quantity 
was  indeed  almod  too  fmall  to  be  appreciated,  but  where  it  is 
dedrable  to  attain  as  much  accuracy  as  poflible,  I  think  it  ne- 
ceflary  to  mention  every  circumdance  which  may  in  the  fmalieft 
degree  affea  the  refult. 

The  experiments  related  above  will,  I  conceive,  indicate  Remarks,  The 
with  a  fufficient  degree  of  accuracy,  the  prefence  of  albumen  ^^,aat'JJodir 
as  a  condiluent  of  an  animal  fluid.  The  property  of  being didinftive  cha- 
coagulated  by  heat  is  a  charaaeriftic  of  this  fubflance,  which  al  u" 

will  always  ferve  as  a  mark  of  difcrimination,  and  we  have 
found  that  this  property  is  not  deflroyed  by  dilution  with  1000 
times  its  weight  of  water.  This  therefore  may  be  conlidered 
as  a  led  of  its  prefence  minute  enough  for  all  praciica-  pur- 
pofes.  We  have  alfo  found  that  there  are  feveral  re-agents 
which  poffefs  the  power  of  precipitating  it  from  its  folution  in 
water,  while  exiding  only  in  the  fame  proportion.  It  will  be 
neceflary,  however,  to  obferve  their  operation  upon  the  other 
animal  fubdances  before  we  can  determine  their  u(e  in  the 
analyds  or  compound  fluids,  ^ 
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Jelly,  h  is  li-  Tlie  next  fubftance  which  I  propole  to  examine  is  jelly, 
quifiihk  by  heat  '|'}ie  pecujiar  chara&eridic  of  this  body  is  its  property  of  be- 
concrete  by  cold  ;  coinin^  concrete  by  cold,  and  being  liquified  by  the  applica- 

and  is  a  urge  tion  of  a  gentle  heat.  It  enters  into  the  comnodtion  of  the 
component  part  ......  r  .  1 

of  animals.  blood,  liiough  lels  largely  than  the  albumen.  It  is  alio  an  in¬ 
gredient  in  the  fkin,  membranous  texture,  ligaments,  carti¬ 
lages  and  tendons.  By  boiling  it  is  eafily  exlradted  from  thefe 
(ubdances,  and  by  evaporation  and  cooling  the  whole  is  re¬ 
duced  to  a  mats  of  greater  or  lefs  folidity,  in  proportion  to  the 
previous  degree  of  concentration.  By  a  procefs  of  this  nature, 
ifingials  is  prepared  from  the  bones  and  cartilages  of  fifli;  as 
this  lubflance  has  been  confidered  to  confifl  of  jelly  nearly  in  a 
dale  of  purity,  I  employed  it  for  the  following  experiments. 
Obtained  bv  the  Four  grains  of  ilinglafs  were  ditToIved  in  200  grains  of 

hiiitum  u  ifi  i-  water,  and  thus  a  dandard  fluid  was  formed,  one  grain  of 
glafs.  One  fif*  *  H  .  .  .  b 

tieth  part  in  which  contained  y-0-  gr.  of  jelly.  This  folution  became  per- 

water  will  coagu- fe^lly  concrete  by  cooling.  In  the  firft  place  I  wifhed  to  af- 
cerfain  how  fmall  a  proportion  of  jelly  ditfolved  in  water  was 
capable  of  affuming  the  concrete  dale.  Equal  parts  of  the 
dandard  fluid  and  of  water,  i.  e.  one  part  of  jelly  to  100 
parts  of  water,  produced  a  compound  which  was  completely 
ditfened  by  cooling ;  but  I  found  that  two  parts  of  water  to 
one  of  the  dandard,  i.  e.  one  part  of  jelly  to  1.50  parts  of 
waler,  produced  a  compound,  which  though  evidently  gela¬ 
tinous,  did  not  atTume  the  concrete  form. 

One  of  the  mod  active  precipitants  of  jelly  is  the  tanning 
principle.  I  found  that  a  mixture  of  5  grains  of  the  dandard 
folution  and  9.5  of  water,  produced  a  copious  precipitate  when 
added  to  an  equal  quantity  of  an  infudon  of  galls  of  the  fame 
drength  with  that  employed  in  the  experiments  upon  albumen. 
In  this  indance  the  jelly  was  to  the  water  as  1  to  1000.  I  af¬ 
terwards  reduced  the  quantity  of  jelly  until  it  compofed 
part  only  of  the  folution,  and  in  this  cafe  a  confiderable  pre- 
cipitafe  was  dill  produced  by  the  infudon  of  galls. 

A  quantity  of  the  dandard  folution  had  a  few  drops  of  the 
aqna  lithargyri  aeetati  added  to  it,  but  no  more  effed  appeared 
to  be  produced  than  would  have  enfued  from  mixing  it  with  an 
equal  quantity  of  pure  water. 

2  Na 


It  i s  .i&'rely 
P'ccipitatcd  by 
tdijin. 


—but  not  by 
«q.  lith.  acct. 
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No  effect  was  produced  by  adding  the  oxvmuriate  of  infer-  —nor  by  ox.  m. 
cury  to  the  fiandard  folution.  The  nitrate  of  lilver  and  tlie  °|. '^erc*  nor  n* 
nitro-muriate  of  tin  were  each  employed,  and  produced  a  very  m.of  tin.  '  n* 
flight  and  almoft  imperceptible  opacity. 

The  addition  of  the  nitro-muriate  of  gold  caufed  a  fmall 
quantity  of  a  denfe  precipitate  when  added  to  the  ftandard  fo-  S^y<rPrec,P* 
lution;  but  when  this  was  fo  far  diluted  as  to  contain  one  grain 
of  jelly  in  500  of  water,  the  etfedt  was  no  longer  perceptible. 


Mucus, 

Animal  mucus  or  mucilage  enters  largely  into  the  conftitu-  Mucus ;  a  term 
tion  of  many  parts  of  the  body,  and  forms  a  confiderable  pro-  appifedby che- 
portion  of  ieveral  of  the  fecretions.  The  term  mucus  had  mifts. 
been  generally  employed  in  a  vague  and  unredridted  fenfe, 
until  Mr.  Hatchet,  in  his  valuable  paper  on  the  membranous 
parts  of  animals,  inferted  in  the  Phil.  Tranl.  for  1800,  at¬ 
tempted  to  adign  to  it  a  more  appropriate  and  definite  mean¬ 
ing.  He  conceives  that  jelly  and  mucus  are  only  modifications 
of  the  fame  fubdance,  and  do  not  edentially  differ  from  each 
other;  he  confiders  it  to  be  entitled  to  the  appellation  of 
mucus,  when  it  is  foluble  in  cold  water  and  cannot  be  brought 
to  the  gelatinous  dale*.  Dr.  Thomfon  adopts  in  general  the 
idea  of  Mr.  Hatchett,  and  lays  down  the  following  as  the 
characteridic  properties  of  animal  mucilage.  It  is  foluble  in 
cold  water,  infoluble  in  alcohol,  neither  coagulable  by  heat 
nor  generating  into  a  jelly,  precipitable  by  tan  and  the  nitro- 
muriate  of  tin  +.  I  have  been  induced  from  the  refults  of  my 
obfervations,  to  form  a  different  opinion  refpedling  the  relation 
of  jelly  and  mucus,  but  I  fiiall  defer  the  datement  of  it  until 
I  have  related  the  experiments  which  have  led  me  to  dident 
from  fuch  high  authority. 

By  agitating  for  a  diort  lime  fome  recent  faliva  in  cold  Mucus  obtained 
water,  part  of  it  was  didolved,  and  after  being  paffed  through 
a  filter,  was  made  the  fubjedt  of  experiment,  being,  as  I 
conceived,  a  folution  of  nearly  pure  mucus.  By  a  careful 
evaporation  I  found  that  the  water  had  didolved  part  of 
its  weight. 

O  4 


from  faliva. 


*  Hatchett,  Phil.  Tranf.  1800.  .369  and  381 . 
f  Thomfon,  IV,  503. 
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Eftett  of  re¬ 
agents.  No  co¬ 
agulation  by 
moderate  heat 
nor  did  it  gelati- 
mie  by  cooling. 


Mucus  from  an 
oyfter. 


Reagents. 


The  Goulard  Tn 
dicates  its  pre¬ 
fence. 


Exclufive  tells ; 
tan  for  jelly* 
aq.  lith.  acct. 
for  mucus,  ox. 
m.  of  mere,  for 
albumen. 


No  effed  was  produced  by  the  addition  of  the  oxymuFrale 
of  mercury,  and  the  nitro-niuriate  of  tin  caufed  only  a  flight 
opacity.  No  effed  was  produced  by  the  addition  ot  equal 
parts  of  this  folution  and  the  infufion  of  galls.  The  aqua  li- 
thargyri  acetati  added  to  the  folution  produced  an  immedi¬ 
ate  opacity,  and  after  fome  time  a  white,  fleaky  precipitate 
fell  to  the  bottom  of  the  glafs.  No  appearance  of  coagulation 
was  produced  by  expofing  the  fluid  for  fome  time  to  the  heat 
of  boiling  water,  nor  was  there  any  tendency  to  gelatinize  by 
evaporating  and  afterwards  cooling  the  fluid. 

I  afterwards  endeavoured  to  obtain  mucus  in  a  ffate  of  pu¬ 
rity  from  another. fource.  For  this  purpofe  an  oyfier  was  agi¬ 
tated  for  a  few  minutes  in  cold  water ;  the  fluid  was  filtered 
and  appeared  flightly  opake  and  glutinous.. 

By  evaporation  it  appeared  that  it  had  diflolved  about  j ^  of 
its  weight  of  animal  matter.  A  quantity  of  this  folution,  di¬ 
luted  with  an  equal  bulk  of  water,  was  employed  in  the  fol¬ 
lowing  experiments. 

The  oxymuriate  of  mercury  being  added  to  it  produced  no 
effect.  The  infufion  of  galls  after  fome  lime  produced  a  flight 
degree  of  turbidnefs,  and  at  length  a  precipitate  was  formed 
in  fmall  quantity.  The  aqua  lilhargyri  acetati  caufed  an 
immediate  opacity,  and  after  fome  time  a  denfe  precipitate. 

Thefe  experiments  nearly  coincide  with  the  former.  In 
both  cafes  no  effect  was  produced  by  the  oxymuriate  of  mer¬ 
cury,  thus  proving  the  abfence  ol  albumen.  The  fmall  pre¬ 
cipitate  caufed  by  the  galls  indicate  the  exiffence  of  only  a 
very  minute  quantity  of  jelly.  The  effed  was  fcarcely  as 
great  in  this  inffance,  where  the  animal  matter  compofed 
part  of  the  weight  of  the  folution,  as  was  produced  by  the 
fame  reagent  upon  a  folution  of  j e  1 1  y f  where  it  compofed  only 
part  of  the  weight  of  the  fluid.  Very  nearly  the  whole 
therefore  of  the  animal  matter  probably  confided  of  mucus, 
the  prefence  of  which  was  indicated  by  the  Goulard. 

I  apprehend  that  thefe  experiments  will  be  deemed  fufff- 
cient  to  eflablifli  a  decided  and  eflential  difference  between 
mucus  and  jelly,  independent  of  the  gelatinizing  property  of 
the  latter,  the  effects  produced  upon  them  by  the  tanning  prin¬ 
ciple  and  by  the  aqua  litbargy  ri  acetati  are  exactly  oppofite. 
Tan  is  a  molt  delicate  tefl  of  jelly,  but  does  not  in  any  degree 
aflfed  mucus.  Aqua  lilhargyri  acetati  is  a  delicate  teft  of  mu¬ 
cus 
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cus,  bat  does  not  in  any  degree  affe£t  jelly.  The  oxymuriate 
of  mercury,  on  the  contrary,  which  is  one  of  the  mod  accu¬ 
rate  tefts  of  albumen,  does  not  appear  to  be  affe&ed  either  by 
jelly  or  by  mucus. 

Albumen,  jelly,  and  mucus,  I  am  inclined  to  confider  as  Thefe  are  the 
the  only  primary  fluids  which  are  difperfed  through  the  differ-  s<> 

ent  parts  of  the  body.  Particular  veffels  or  glands  contain 
and  fecrete  particular  fluids,  which  cannot  be  relolved  into 
other  fluids  without  decompofition,  as  the  fibrine  of  the  blood, 
the  refin  of  the  bile,  the  uree  of  the  kidney,  <kc.  but  thefe 
are  in  all  infiances  confined  to  their  appropriate  organs,  and 
do  not  neceflfarily  enter  into  the  prefent  invefiigation. 

From  the  above  experiments  I  think  we  may  be  entitled  to  Refumptlon. 
lay  down,  with  a  confiderable  degree  of  accuracy,  the  leading  j^wnTy'hs 
chara&eriftics  of  the  three  primary  animal  fluids,  and  to  efia- coagulability,  and 

blifli  tefts  by  which  their  prefence  may  be  minutely  afcertained.  P,eciP-  by  ox. 

J  1  \  .  ,  m.  mere. 

The  mod  remarkable  property  ot  albumen  is  its  becoming  •  • 

coagulated  by  heat,  a  property  which  it  retains  fo  lar  as  to 
communicate  a  degree  of  opacity  to  its  folution  in  water,  when 
it  forms  only  T^b-  part  of  its  weight.  A  folution  of  the  fame 
ftrength  has  its  albumen  precipitated  by  the  oxymuriate  of  mer¬ 
cury,  and  this  teft  will  indicate  its  prefence  when  compofing 
no  more  than  of  the  mixture.  The  tanning  principle, 

the  aqua  lithargyri  acetati,  the  nitrate  of  filver,  and  the  nitro- 
inuriate  of  gold,  are  all  tefts  of  the  prefence  of  albumen 
nearly  as  minute  as  the  oxymuriate  of  mercury,  but  they  are 
lefs  valuable,  becaufe  their  effects  are  not  confined  to  albumen. 

The  nitro-muriate  of  tin  and  alum  are  alfo  precipitants  of  al¬ 
bumen,  but  they  are  lefs  delicate  in  their  operation  than  the 
reagents  enumerated  above. 

The  peculiar  charafteriftic  of  jelly  is  its  property  of  be-  jelly  Is  known 
coming  concrete  by  cold,  and  being  again  rendered  fluid  by  a  ^ 
gentle  heat:  we  have  found  that  its  folution  in  water  retains  -lts  predp.  by 

this  property  when  it  compofes  ^  Part  only  of  the  weight  °*  tan‘ 
the  fluid.  Tan  is  a  ft  ill  more  minute  tefl  of  jeliy  than  of  albu¬ 
men,  but  jelly  is  not  in  the  leak  degree  affefted  by  the  oxy- 
muriate  of  mercury,  and  may  thus  in  all  cafes  be  eafi ly  cl i ft i n - 
guifhed  from  it.  No  effeft  is  produced  in  jelly  by  Goulard, 

■  and  fcarcely  any  by  the  nitrate  of  fllver,  and  the  nitro-muriate 
of  tin,  when  it  is  in  a  Hate  of  fueh  dilution.  By  means  ot 
tan,  jelly  may  be  eafily  detected  in  a  fluid  of  vvhich  it  fornix 

only  part. 
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The  properties  of  mucus  are  principally  negative;  it  is  not 
coagulable  by  heat,  nor  capable  of  becoming  gelatinized;  it 
.  is  not  precipiiable  either  by  the  oxymuriate  of  mercury  or  by 
tan,  but  it  may  be  detected  with  condderable  minutenefs  by 
the  aqua  lilhargyri  acetati. 

It  appears  therefore  that  the  oxymuriate  of  mercury,  tan, 
and  the  aqua  lithargyri  acetati  are  the  three  mod  valuable  teds. 
The  nitro-muriate  of  tin  is  a  lefs  delicate  tell  of  albumen  than 
the  oxymuriate  of  mercury,  and  is  alfo  in  fome  degree  afieCied 
by  jelly.  The  nitrate  of  filver  appears  to  be  a  very  nice  teft 
of  albumen,  but  it  is  objectionable  in  confequenee  of  its  being 
decompofed  bv  the  muriate  of  foda,  a  fait  which  is  fuppofed 
to  exilt  in  mod  of  the  animal  fluids.  The  nitro-muriate  of 
gold  is  a  delicate  teft  of  albumen,  but  it  likewile  precipitates 
jelly. 

In  (he  analvfisof  a  fluid  which  is  fuppofed  to  contain  either 
albumen,  jelly,  or  mucus,  the  firft  ftep  is  to  obferve  the  etfeCt 
of  the- oxymuriate  of  mercury;  if  this  produce  no  precipitate, 
we  may  be  certain  that  the  fluid  in  quedion  contains  no  albu¬ 
men.  We  mull  next  employ  the  infution  of  galls,  and  if  this 
alfo  caufe  no  precipitate,  we  may  conclude  that  the  animal 
matter  held  in  folution  confids  of  mucus  alone. 

I  have  before  remarked,  that  the  ideas  which  I  have  formed 
of  the  nature  of  jelly  and  mucus,  and  the  relation  which  thefe 
fub fiances  bear  to  each  other,  differ  materially  from  thofe  of 
Mr.  Hatchett.  It  is  not  indeed  without  a  degree  of  diffidence 
that  I  diffent  from  fo  diftinguifhed  a  chem i ft ;  but  I  conceive 
that  I  am  juflified  by  the  experiments  related  in  this  effay. — 
Mr.  Hatchett,  in  the  valuable  paper  to  which  I  have  already 
referred,  fpeaks  of  the  white  of  the  egg  as  confiding  of  pure 
albumen ;  but  I  believe  that  in  this  particular  he  will  be  found 
not  perfeflly  accurate. 

There  is  a  great  refemblance  between  the  mechanical  pro¬ 
perties  of  animal  mucus  and  vegetable  gum,  and  I  found  that 
they  drongly  refemble  each  other  alfo  in  their  chemical  qualities. 
A  folution  of  gumarabic,  containing  one  grain  of  gum  to  200 
grains  of  water,  was  not  affected  either  by  the  oxymuriate  of 
mercury  or  by  tan.  With  the  nitro-muriate  of  tin  and -with  the 
nitrate  of  filver  there  was  only  a  flight  degree  of  opacity,  but 
with  the  aqua  lithargyri  acetati  there  was  a  denfe  precipitate 
inUantlv  formed.  *  * 

On 
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On  mufcular  Motion.  Ry  Anthony  Carlisle,  Ej\ j.  F.  R.  S. 
being  the  Croonian  Lecture,  read  before  the  Royal  Society, 
November  3,  1804. 

(Concluded  from  Page  201.) 
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The  lofs  of  motion  and  fenfation  from  the  influence  ot  low 
temperature,  accompany  each  other,  and  the  capillaries  ot  the 
vafcular  f\  Item  appear  to  become  contraded  by  the  lots  of 
animal  heat,  as  in  the  examples  of  numbnefs  from  cold. 
Whether  the  ceflation'of  mufcular  adion  be  owing  to  the  im¬ 
peded  influence  of  the  nerves,  or  to  the  lowered  temperature 
of  the  mulcles  themfelves,  is  doubtful ;  but  the  known  influ¬ 
ence  of  cold  upon  the  fenforial  fyftem,  rather  favours  the  fup- 
pofition  that  a  certain  temperature  is  neceflary  for  the  tranf- 
miflion  of  nervous  influence,  as  well  as  fenfation. 

The  hybernating  animals  require  a  longer  time  in  drowning 
than  others.  A  full  grown  hedge-hog  was  fubmerfed  in  water 
at  4Sa,  and  firmly  retained  there;  air-bubbles  began  inftantly 
to  afeend,  and  continued  during  four  minutes;  the  animal  was 
not  yet  anxious  for  its  liberty.  After  feven  minutes  it  began 
to  look  about,  attempting  to  efcape ;  at  ten  minutes  it  rolled 
itfelf  up,  only  protruding  the  fnout,  which  was  haflily  re¬ 
traded  on  being  touched  with  the  finger,  and  even  the  approach 
of  the  finger  caufed  it  to  retrad.  After  fifteen  minutes  com¬ 
plete  fubmerfion,  the  animal  {fill  remained  rolled  up,  and 
withdrew  its  nofe  on  being  touched.  After  remaining  thirty- 
minutes  under  water,  the  animal  was  laid  upon  flannel,  in  an 
atmofphere  of  62°,  with  its  head  inclined  downwards;  it  foon 
began  to  relax  the  fphinder  mufcle  which  contrads  the  (kin, 
flow  refpirations  commenced,  and  it  recovered  entirely,  without 
artificial  aid,  after  two  hours.  Another  hedge-hog  fubmerfed 
in  water  at  94°,  remained  quiet  until  after  five  minutes ;  about 
the  eighth  minute  it  ftretched  itfelf  out,  and  expired  at  the 
tenth.  It  remained  relaxed,  and  extended,  after  the  ceflation 
of  the  vital  fundions;  and  its  mulcles  were  relaxed,  contisiry 
to  thofe  of  the  animal  drowned  in  the  colder  vvatci. 

The  irritability  of  the  heart  is  infeparably  conneded  with 

refpiration.  Whenever  the  inhaled  gas  differs  in  its  properties 
/  '  irom 
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from  f he  common  almofphere,  the  mufcular  and  fenfible  parti 
ot  the  lyftem  exhibit  the  change  :  the  aCtions  of  the  heart  are 
altered  or  fufpended,  and  the  whole  mufcular  and  fenforial 
fyftems  partake  of  the  diforder  :  the  temperature  of  animals, 
as  before  intimated,  feems  altogether  dependant  on  the  refpi- 
ratory  functions,  although  it  flill  remains  uncertain  in  what 
manner  this  is  effected. 

The  blood  appears  to  be  the  medium  of  conveying  heat  to 
the  different  parts  of  the  body  ;  and  the  changes  of  animal 
temperature  in  the  fame  individual  at  various  times,  or  in  its 
feveral  parts,  are  always  connected  with  the  degree  of  rapidity 
of  the  circulation.  It  is  no  very  wide  ftretch  of  phyfiological 
deduction  to  infer,  that  this  increafed  temperature  is  produced 
by  the  more  frequent  expofure  of  the  mafs  of  blood  to  the 
relpiratory  influence,  and  the  fhort  time  allowed  in  each  circuit 
for  the  lofs  of  the  acquired  heat. 

The  blood  of  an  animal  is  ufualiy  coagulated  immediately 
after  death,  and  the  mufcles  are  contracted;  but,  in  fome  pe¬ 
culiar  modes  of  death,  neither  the  one,  nor  the  other  of  thefe 
effeCts  are  produced :  with  fuch  exceptions,  the  two  phenomena 
are  concomitant. 

A  preternatural  increafe  of  animal  heat  delays  the  coagu¬ 
lation  of  the  blood,  and  the  laft  contractions  of  the  mufcles ; 
thefe  contractions  gradually  difappear,  before  any  changes 
from  putrefaction  are  manifefted;  but  the  cup  in  the  coagulum 
of  blood  does  not  relax  in  the  fame  manner ;  hence  it  may  be 
inferred,  that  the  final  contraction  of  mufcles  is  not  the  coagu¬ 
lation  of  the  blood  contained  in  them;  neither  is  it  a  change  in 
the  reticular  membrane,  nor  in  the  blood- veffels,  becaufe  fuch 
contractions  are  not  general  throughout  tbofe  fubftances.  The 
coagulation  of  the  blood  is  a  certain  criterion  of  death.  The 
reiterated  visitations  of  blood  are  not  effential  to  mufcular 
irritability,  becaufe  the  limbs  of  animals.  Separated  from  the 
body,  continue  for  a  long  time  afterwards  capable  of  contrac¬ 
tions,  and  relaxations. 

The  confiituent  elementary  materials  of  which  the  peculiar 
animal  and  vegetable  fubftances  conftft,  are  not  Separable  by 
any  chemical  procefles  hitherto  inftituled,  in  fuch  manner  as 
(o  allow'  of  a  recombination  into  their  former  ftate.  The  cem- 
pofition  of  thefe  fubftances  appears  to  be  naturally  of  tranfient 
duration,  and  the  attractions  of  the  elementary  materials  which 

form 
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form  the  grofs  lubflances,  are  fl>  loofe  and  unfettled,  that  they 
are  all  decompofed  without  the  intervention  of  any  agent,  merely 
by  the  operation  ot  their  own  elementary  parts  on  each  other. 

An  extenfive  difcuflion  of  the  chemical  properties  attaching  Difficulties  at- 

to  the  matter  of  mufcle  would  be  a  labour  unfuiled  to  this  tefdlllg  chern»- 
r  t  r  cal  refearch  intp 

occation;  1  fliould  not,  however,  dilcharge  my  prefent  duty,  thefe  objedts. 

If  I  omitted  to  fay,  that  all  fuch  invefligations  can  only  be 
profitable  when  effected  by  fimple  proce(Tes,  and  when  made 
upon  the  raw  materials  of  the  animal  fabric,  fuch,  perhaps,  as 
the  albumen  of  eggs,  and  the  blood.  But,  until  by  fynthetical 
experiments  the  peculiar  fubflances  of  animals  are  compofed 
from  what  are  conlidered  to  be  elementary  materials,  or  the 
changes  of  organic  fecretion  imitated  by  art,  it  cannot  be  hoped 
that  any  determinate  knowledge  fliould  be  eftabliflied  upon 
which  the  phyfiology  of  mufcles  may  be  explained.  Such 
refearches  and  inveftigations  promife,  however,  the  mod  pro¬ 
bable  ultimate  fuccefs,  fince  the  phenomena  are  neared  allied 
to  thole  of  chemitiry,  and  fince  all  other  hypotheles  have,  in 
their  turns,  proved  unfali$fa£tory. 

Facts  and  Experiments  tending  to  fapport  and  illuftrate  the  pre¬ 
ceding  Argument. 


An  emaciated  horfe  was  killed  by  dividing  the  medulla  fpi-  Temperature  of 
nalis,  and  the  large  blood-veffels  under  the  firfl  bone  of  the  diffier- 


dernum.  ,  ent  animals. 

The  temperature  of  the  flowing  blood  was  103°  The 

Spleen  -  -  103 

Stomach  -  -  101 

Colon  98 

Bladder  of  urine  97 
Atmofphere  -  30. 


Three  pigs,  killed  by  a  blow  on  the  head,  and  by  the  imme-  Pigs, 
diate  divifion  of  the  large  arteries  and  veins,  entering  the  middle 
of  the  bafis  of  the  heart,  had  the  blood  flowing  from  thefe 
veflels  of  106,  106-f,  and  107°;  the  atmofpheric  temperature 
being  at  3 1 w.  , 

An  ox,  killed  in  a  fimilar  manner,  the  blood  103;  atmo-  An  ox, 
fphere  50°. 

Three  flieep,  killed  by  dividing  the  carotid  arteries,  and  Sheep, 
internal  jugular  veins:  their  blood  105,  105,  105^°;  at¬ 
mofphere  4-1°. 

Voi.  XI— August,  1805  S  Three 
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Fluid  of  dropfy. 


Experiment  to 
/hew  that  the 
volumes  of 
mufcles  are  in- 
creafed  during 
a&ion. 


Three  frogs,  kepi  for  many  days  in  an  equable  atmofpherc 
at  54Q  ;  their  flomachs  62.° 

The  watery  fluid  i  (Tiling  from  a  pcrfon  tapped  for  dropfy 
of  the  belly  101°  :  the  atmofphere  being  43°,  and  the  tem¬ 
perature  of  the  fuperhcics  of  the  body  at  96°. 

Thete  temperatures  are  confiderably  higher  than  the  com¬ 
mon  eftimation. 

A  man’s  arm  being  introduced  within  a  glafs  cylinder,  it 
was  duly  clofed  at  the  end  which  embraced  the  head  of  the 
humerus;  the  vetfel  being  inverted,  water  at  97°  was  poured 
in,  fo  as  to  fill  it.  A  ground  brafs  plate  clofed  the  lower 
aperture,  and  a  barometer  tube  communicated  with  the  water 
at  the  bottom  of  the  cylinder.  This  apparatus  including  the 
arm,  was  again  inverted,  fo  that  the  barometer  tube  became  a 
gage,  and  no  air  was  fuffered  to  remain  in  the  apparatus.  On 
the  llightefi  aClion  with  the  mufcles  of  the  hand,  or  fore-arm, 
the  water  afcended  rapidly  in  the  gage,  making  librations  or 
fix  and  eight  inches  length  in  the  barometer  tube,  on  each 
contraction  and  relaxation  of  the  mufcles. 

Ci imping  of  fifli  The  remarkable  effects  of  crimping  fifh  by  immerfion  in 
cannot  be  efted-  water,  after  the  ufual  figns  of  life  have  difappeared,  are  worthy 

cd  after  rigidity  .  ....  '  „  ,  ,  ,  J 

of  death.  attention  ;  and  whenever  the  rigid  contractions  or  death  have 

not  taken  place,  this  procefs  may  be  praCtifed  wdth  fuccefs. 
The  fea  fifh  deftined  for  crimping  are  ulually  (truck  on  the 
head  when  caught,  which,  it  is  faid,  protraCts  the  term  of  this 
capability ;  and  the  mufcles  which  retain  this  properly  longed 
are  thofe  about  the  head.  Many  tranverfe  fe&ions  of  the 
mufcles  being  made,  and  the  fifh  immerfed  in  cold  water,  the 
contractions  called  crimping  take  place  in  about  five  minutes; 
but,  if  the  mafs  be  large,  it  often  requires  thirty  minutes  to 
complete  the  procefs. 

Two  flounders,  each  weighing  1926  grains,  the  one  being 
in  a  Hate  for  crimping,  the  other  dead  and  rigid,  w'ere  put  into 

of°thema crimped.  water  at  48°'  each  being  ecluaI,y  fcored  with  a  knife.  After 
1  cs  n ecrfic  gra-  halt  an  hour,  the  crimped  fifh  had  gained  in  weight  5.3  grains, 

abfolute  weig^ht^  but  lbe  (^eac^  ba<J  1°^  7  grains.  The  fpecific  gravity  of  the 
was  increafed  by  crimped  fifh  was  greater  than  that  of  the  dead  fifli,  but  a 
crimpmg.  quantity  of  air-bubbles  adhered  to  the  furfaces  of  the  crimped 
mufcles,  which  were  rubbed  o (T  before  weighing;  tins  gas  was 
not  inflammable. 


Experiment* 
Two  fifh  were 


The 


ON  MUSCULAR  MOTION. 


259 


The  lpecific  gravity  of  the  crimped  fifh  -  -  1,103 

of  the  dead  fifh,  after  an  equal 

immertion  in  water  -  1,090, 

So  that  the  accedion  of  water  (pecifically  lighter  than  the 
mufcle  of  fifh,  did  not  diminifh  the  lpecific  gravity  of  crimped 
mufcle,  but  the  contrary  :  a  proof  that  condenlation  had  taken 
place. 

A  piece  of  cod-fifh  weighing  twelve  pounds,  gained  in  Other  fubftances 
weight,  by  crimping,  two  ounces  avoirdupois;  and  another  ^,th 

lefs  vivacious  piece,  of  fifteen  pounds,  gained  one  ounce  and 
half*. 

The  hinder  limb  of  a  frog,  having  the  lkin  dripped  off,  and 
weighing  77-^  grains,  was  immerfed  in  water  at  34°,  and  dif¬ 
fered  to  remain  nineteen  hours,  when  it  had  become  rigid,  and 
weighed  I00J  grains.  The  lpecific  gravity  of  the  contradled 
limb  had  increased,  as  in  the  crimped  fifh. 

Six  hundred  and  thirty  grains  weight  of  the  fubfcapularis 
mufcle  of  a  calf,  which  had  been  killed  two  days  from  the 
10th  of  January,  was  immerfed  in  New  River  water  at  45p. 

After  ninety  minutes,  the  mufcle  was  contracted,  and  weighed 
in  air  770  grains :  it  had  alfo  increafed  in  fpeeific  gravity,  but 
the  quantity  of  air-bubbles  formed  in  the  interfticial  fpaces 
of  the  reticular  membrane  made  it  difficult  to  afcertain  the 
degree. 

Some  of  the  fmalleft  fafciculi  of  mufcular  fibres  from  the  Fibrils  of 
fame  veal,  which  had  not  been  immerfed  in  water,  were  placed  ®ufc‘?  contra<~* 
on  a  glafs  plate,  in  the  field  of  a  powerful  microfcope,  and  water, 
a  drop  of  water  thrown  over  them,  at  the  temperature  of  54Q, 
the  atmofphere  in  the  room  being  37°,  They  inftantly  began 
to  contradt,  and  became  tortuous. 

On  confining  the  ends  of  another  fibril  with  little  weights 
of  glafs,  it  contracted  two-thirds  of  its  former  length,  by 
fimilar  treatment.  The  fame  experiment  was  made  on  the 
mufcular  fibres  of  iamb  and  beef,  twelve  hours  after  the 
animals  had  been  killed,  with  the  like  refults.  Neither 

*  I  am  informed  that  the  crimping  of  freth  water  fifties  requires 
hard  water,  or  fuch  as  does  not  fuit  the  purpofes  of  wafhing  with 
feap.  This  fa&  is  fubftantiated  by  the  practice  of  the  London  fith- 
mongers,  whofe  experience  has  taught  them  to  employ  pump  water, 
e>r  what  is  commonly  called  hard  water. 

S  2 


vinegar. 


Cold  renders 
mufcles  torpid 
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but  not  by  acid  vinegar,  nor  water  faturated  with  muriate  of  foda,  nor  ffrong 
or  faline  water.  arcjent  fpirit,  nor  olive  oil,  had  any  fuch  effect  upon  the  mut- 
cular  fibres. 

The  amphibia,  and  coleopterous  infe6ls,  become  torpid  at 
31°.  At  36°  they  move  flowly,  and  with  difficulty  ;  and,  at  a 
lower  temperature  their  mufcles  ceafe  to  be  irritable.  The 
mufcles  of  w'arm-blooded  animals  are  fimilarly  affected  by 
cold. 

Mufcles  of  frogs  The  hynder  limbs  of  a  frog  were  fkinned  and  expofed  to 
freezing.^1*1"  c0^  at  *  anc^  mufcles  were  kept  frozen  for  eight  hours, 
but  on  thawing  them,  they  were  perfectly  irritable. 

The  fame  procefs  was  employed  in  the  temperature  of  20°. 
and  the  mufcles  kept  frozen  for  twelve  hours,  but  that  did  not 
deffroy  the  irritability. 

Heat  deprives  In  the  heat  of  100°,  the  mufcles  of  cold-blooded  animals 
mufcles  of  their  fa]{  jpto  (jie  contractions  of  death;  and  at  110°,  all  thofe 

irritability  ; 

of  warm  blood,  as  far  as  thefe  experiments  have  been  ex¬ 
tended.  The  mufcles  of  warm-blooded  animals,  which  always 
contain  more  red  particles  in  their  lubftance  than  thofe  of 
cold  blood,  are  foon  deprived  of  their  irritability,  even  al¬ 
though  their  relative  temperatures  are  preferved  ;  and  ref- 
♦ 

piration  in  the  former  tribe  is  more  eflential  to  life  than  in  the 
*  latter. 

Many  fubftances  accelerate  the  ceflation  of  irritability  in 
mulcles  when  applied  to  their  naked  fibrils,  fuch  as  all  the 
narcotic  vegetable  poifons,  muriate  of  foda,  and  the  bile  of 
animals ;  but  they  do  not  produce  any  other  apparent  change 
and  electricity.  in  mufcles,  than  that  of  the  laft  contra&ion.  Difcharges  of 
electricity  pafled  through  mufcles,  deffroy  their  irritability, 
but  leave  them  apparently  inflated  w'ith  fmall  bubbles  of  gas ; 
perhaps  fome  combination  obtains  which  decompofes  the 
water. 

The  four  feparated  limbs  of  a  recent  frog  wrere  fkinned,  and 
immerfed  in  different  fluids;  viz.  No.  1,  In  a  phial  containing 
fix  ounces  by  meafure  of  a  faturated  aqueous  lolution  of  liver 
of  fulphur  made  with  potafli;  No.  2,  In  a  diluted  acetic 
acid,  confi fling  of  one  drachm  of  concentrated  acid  to  fix  of 
water;  No  3,  in  a  diluted  alkali,  compoled  of cauffic  vegetable 
alkali  one  drachm,  of  water  fix  ounces;  No.  4,  in  pure  dif- 
tilled  water. 


as  do  poifons, 


Experiments  on 
mufcles  im- 
merfed  in  fluids. 
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The  phials  were  all  corked,  and  the  temperature  of  their 
contents  was  46°. 

The  limb  contained  in  the  phial  No.  1,  after  remaining 
twenty  minutes,  had  acquired  a  pale  red  colour,  and  the 
mufcles  were  highly  irritable. 

The  limb  in  No.  2,  after  the  fame  duration,  had  be¬ 
come  rigid,  white,  and  fwollen  ;  it  was  not  at  all  irritable. 

By  removing  the  limb  into  a  diluted  folution  of  vegetable 
alkali,  the  mufcles  were  relaxed,  but  no  flgns  of  irritability 
returned. 

No.  3,  under  all  the  former  circumfiances,  retained  its  pre¬ 
vious  appearances,  and  was  irritable,  but  lefs  fo  than  No.  1. 

No.  4  had  become  rigid,  and  the  final  contraction  had  taken 
place. 

Other  caufes  of  the  lofs  of  mufcular  irritability  occur  in  Mufcular  irrita- 
pathological  tefiimonies,  fome  examples  of  which  may  not  be  hihty  deftroyed 
ineligible  for  the  prefent  fubjed.  Workmen  whole  hands  are 
unavoidably  expofed  to  the  contact  ol  white  lead,  are  liable 
to  what  is  called  a  palfy  in  the  hands  and  wrifts,  from  a  tor¬ 
pidity  of  the  mufcles  of  the  fore  arm.  This  afFedion  feems 
to  be  decidedly  local,  becaufe,  in  many  infiances,  neither 
the  brain,  nor  the  other  members,  partake  of  the  diforder  ; 
and  it  ofteneft  affeds  the  right  hand.  An  ingenious  pradical 
chemift  in  London  has  frequently  experienced  fpalms  and 
rigidity  in  the  mufcles  of  his  fore  arms,  from  affufions  of 
nitric  acid  over  the  cuticle  of  the  hand  and  arm.  The  ufe 
of  mercury  occafionally  brings  on  a  fimilar  rigidity  in  the 
mafleter  mufcles. 

A  final ler  quantity  of  blood  flow's  through  a  mufcle  during  Lefs  blood  flows 
the  Hate  of  contradion,  than  during  the  quiefcent  Hate,  as 
is  evinced  bv  the  pale  colour  of  red  mufcles  when  contracted. 

The  retardation  of  the  flow  of  blood  from  the  veins  of  the  fore 
arm,  during  venoefedion,  when  the  mufcles  of  the  limb  are 
kept  rigid,  and  the  increafed  flow  after  alternate  relaxations, 
induces  the  probability,  that  a  temporary  retardation  of  the 
blood  in  the  mufcular  fibrils  takes  place  during  each  con¬ 
tradion,  and  that  its  free  courfe  obtains  again  during  the  re¬ 
laxation.  This  fiate  of  the  vafcular  fy fiem  in  a  contraded 
mufcle,  does  not,  however,  explain  the  diminution  of  its 
bulk,  although  it  may  have  fome  influence  on  the  limb  of  a 
living  animal. 


When 
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A  cor  traced 
mufcle  is  lefs 
ierJible, 


Moral  caufes  in 
fluence  the 
mufcles  in  the 
human  fpecies. 


Mental  as  well 
as  mufcular  ac¬ 
tions  may  by 
habit  become 
automatic, 


and  then  give 
little  fatigue* 


Voluntary  and 

involuntary 

mufcles. 


When  mufcles  are  vigoroufly  contracted,  their  fenfibility 
to  pain  is  nearly  deflroyed  ;  this  means  is  employed  by  jug¬ 
glers  for  the  purpofe  of  fuffering  pins  to  be  thruft  into  the 
calf  of  the  leg,  and  other  mufcular  parts  with  impunity:  it  is 
indead  reafonable  to  expect,  a  priori,  that  the  fenfation,  and 
the  voluntary  influence,  cannot  pafs  along  the  nerves  at  the 
fame  time  *. 

In  addition  to  the  influences  already  enumerated,  the  human 
mufcles  are  fufceptible  of  changes  from  extraordinary  occur¬ 
rences  of  fenfible  impreflions.  Long  continued  attention  to 
interefling  vifible  objedts,  or  to  audible  fenfations,  are  known 
toexhauff  the  mufcular  ftrength  :  intenfe  thought  and  anxiety, 
weaken  the  mufcular  powers,  and  the  paflions  of  grief  and 
fear  produce  the  fame  effect  fuddenlv  :  whilft  the  contrary 
feelings,  fuch  as  the  profpeCt  of  immediate  enjoyment,  or 
moderate  hilarity,  give  more  than  ordinary  vigour. 

It  is  a  very  remarkable  faCl  in  the  hiftory  of  animal  nature, 
that  the  mental  operations  may  become  almoft  automatic,  and, 
under  fuch  habit,  be  kept  in  action,  without  any  interval  of 
reft,  far  beyond  the  time  which  the  ordinary  flate  of  health 
permits,  as  in  the  examples  of  certain  maniacs,  who  are  en¬ 
abled  without  any  inconvenience,  to  exert  both  mind  and 
body  for  many  days  inceffantly.  The  habits  of  particular 
modes  of  labour  and  exercife  are  foon  acquired,  after  which, 
the  a6tions  become  automatic,  demand  little  attention,  ceafe 
to  be  irkfome,  and  are  effected  with  little  fatigue  :  by  this 
happy  provifion  of  nature,  the  habit  of  indufiry  becomes  a 
fource  of  pleafure,  and  the  fame  appears  to  be  extended  to 
the  docile  animals  which  co-operate  with  man  in  his  labours. 

Three  claffes  of  mufcles  are  found  in  the  more  complicated 
animals.  Thofe  which  are  conftanlly  governed  by  the  will, 
or  directing  power  of  the  mind,  are  called  voluntary  mufcles. 
Another  clafs,  which  operate  without  the  confcioufnefs  of  the 
mind,  are  denominated  involuntary;  and  a  mixed  kind  occur 
in  the  example  of  refpiratory  mufcles,  which  are  governed  by 
the  will  to  a  limited  extenL ;  neverthelefs  the  exigencies  of  the 

*  I  have  often  obferved  that  a  fmall  eleCtric  fliock  may  be  re¬ 
ceived  without  pain  through  the  mufcles  of  the  fore  arm  ;  but  I 
imagined  it  to  be  owing  to  the  want  of  power  in  fuch  a  fliock  to 
ir.creafe  the  contraction. — N. 


animal 
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animal  feelings  eventually  urge  the  refpiratory  movements  in 
defpight  of  the  will.  Thefe  laft  mufcles  appear  to  have  be¬ 
come  automatic  by  the  continuance  of  habit. 

The  nfes  of  voluntary  muides  are  attained  by  experience.  Voluntary  ac- 
imitalion,  and  inftrudion ;  but  fome  of  them  are  never  called  e^ucatiorT^the 
into  adion  among  Europeans,  as  the  mulcles  ol  the  external  involuntary  arc 
ears,  and  generally  the  occipito-frontalis.  1  he  purely  invo- ^ 
luntary  mufcles  are  each  aded  upon  by  different  (uhllances, 
which  appear  to  be  their  peculiar  ftimuli ;  and  thefe  ftimuli 
co-operate  with  the  (enlorial  influence. in  producing  their  con- 
tradions  :  for  example,  the  bile  appears  to  be  the  appropriate 
Jflimulus  of  the  mufcular  fibres  of  the  alimentary  canal  below 
the  ftomacb,  becaufe  the  abfence  of  it  renders  thofe  paflages 
torpid.  The  digefted  aliment,  or  perhaps  the  gaflric  juice  in  a 
certain  ftate,  excites  the  flomach.  The  blood  flimulates  the 
heart,  light  the  iris  of  the  eye,  and  mechanical  preflure  feems 
to  excite  the  mulcles  of  the  ocfophagus.  The  lafl  caufe  may 
perhaps  be  llluflrated  by  the  mllances  of  compreflion  upon 
the  voluntary  mufcles,  when  partially  contraded,  of  which 
there  are  many  familiar  examples.  Probably  the  mufcles  of 
the  oflicula  auditus  are  awakened  by  the  tremors  of  found  ; 
and  this  may  be  the  occafion  of  the  peculiar  arrangement  ob- 
fervable  in  the  chorda  tympani,  which  ferves  thofe  mufcles. 

Thefe  extraneous  ftimuli  feem  only  to  ad  in  conjundion  Stimuli  fee m  to 
wilh  the  fenforial  power,  derived  by  thofe  mufcles  from 
gangliated  nerves,  becaufe  the  paflions  of  the  mind  alter  the  re.i'pefl:  refem- 
mufcular  adions  of  the  heart,  the  alimentary  canal,  the  refpi-  “tog  the  Paf- 
ratory  mufcles,  and  the  iris;  fo  that  probably  the  refpedive 
ftimuli  already  enumerated,  only  ad  (ublerviently,  by  avvak- 
ening  the  attention  of  the  fenforial  power,  (it  that  expreffion 
may  be  allowed,)  and  thereby  calling  forth  the  nervous  in¬ 
fluence,  which,  from  the  peculiar  organization  of  the  great 
chain  of  fym pathetic  nerves,  is  effeded  without  confcioufnefs ; 
for,  when  the  attention  of  the  mind,  or  the  more  interefting 
paflions  prevail,  all  the  involuntary  mufcles  ad  irregularly, 
and  unfteadily,  or  wholly  ceafe.  The  movement^  the  iris 
of  the  common  parrot  is  a  ftriking  example  of  the  mixed  in¬ 


fluence • 

The  mufcles  of  the  lower  tribes  of  animals,  which  are  often  Lower  tribes  of 

entirely  fupplied  by  nerves  coming  from  ganglions,  appear 

tins  clafs  *  and  thus  the  animal  motions  are  principally  regu-  ments. 

'  9  lated 
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lated  by  (he  external  ffimuli,  of  which  the  occurrence  feems 

to  agree  with  th^e  animal  necctliiies  :  but  the  extenlive  ijluf- 

trations  which  comparative  anatomy  affords  on  this  point,  are 

much  too  copious  for  any  detail  in  this  place. 

The  nenous  There  are  two  dates  of  mufcles,  one  active,  which  is  that 
power  lcc tVi 3  «  ^ 

conftmtly  adive  °*  contraction,  the  other,  a  date  ol  ordinary  tone,  or  relaxa- 


through  life.  tion,  which  may  be  conddered  patlive,  as  far  as  it  relates  to 
the  mind  ;  but  the  (enlorial  or  nervous  power  feems  never  to 
be  quiefeent,  as  it  refpe6ts  either  the  voluntary  or  involuntary 
mufcles  during  life.  The  yielding  of  the  fphindters  appears  to 
depend  on  their  being  overpowered  by  antagonid  mufcles, 
rather  than  on  voluntary  relaxation,  as  is  commonly  fuppofed, 
I  have  now  fimfhed  this  endeavour  to  exhibit  the  more 
recent  hidorieal  fads  connected  with  mufcular  motion, 
ponclufion.  It  will  be  obvious  to  every  one,  that  much  remains  to  be 
done,  before  any  adequate  theory  can  be  propofed.  I  have 
borrowed  from  the  labours  of  others,  without  acknowledge¬ 
ment,  becaufe  it  would  be  tedious  to  trace  every  fact,  and 
every  opinion  to  its  proper  authority  :  many  of  the  views  are 
perhaps  peculiar  to  myfelt,  and  I  have  adduced  many  general 
afiumptions  and  conclulions,  without  offering  the  particular 
evidence  for  their  confirmation,  from  a  defire  to  keep  in  view 
the  remembrance  of  retrofpe&ive  accounts,  and  to  combine 
them  with  intimations  for  future  refearch.  The  due  cultiva¬ 
tion  of  this  intereding  purfuit  cannot  fail  to  elucidate  many 
of  the  phenomena  in  queftion,  to  remove  premature  and  ill- 
founded  phyfiological  opinions,  and  eventually  to  aid  in  ren¬ 
dering  the  medical  art  more  beneficial,  by  edabli filing  its 
do&rines  on  more  extenfive  and  accurate  views  of  the  animal 
economy. 


VI. 

On  the  Meafurc  of  Mechanic  Power,  In  a  Letter  from 
Mr.  J.  C.  H  OK  NBX.OWEK. 

To  Mr.  NICHOLSON. 

* 

Dear  Sir, 

Me.Ujre  of  J  AM  glad  to  find  that  fomebody  has  feconded  my  motion 
oTeffeCh  p0VVer  concerning  horfe power,  and  I  hope  the  fubject  will  not  bedif- 

miffed 
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nnfied  until  it  has  palled  the  unanimous  aflent  of  both  theoretic  Meafure  of 
and  pra&ical  mechanics;  and  I  mull  here  exprefs  my  acknow-^^^c  p0WCf' 
ledgments  to  Mr.  Gregory  for  his  improved  method  of  decid¬ 
ing  the  queftion.  It  is  of  abfolute  importance,  that  the  draught 
be  in  a  circular  direction,  and  alto  that  the  radius  of  the  circle 
be  given;  for  no  petition  was  evermore  demonftrable  than 
that  the  lets  the  radius  the  let's  can  a  horte  (whole  tides  are 
equal)  exert  his  faculty  of  tra&ion. 

But  I  muft  beg  leave  to  ufe  a  little  freedom  (in  no  wife  un¬ 
becoming,  I  hope,)  in  adverting  to  what  Mr.  Gregory  in 
conjun&ion  with  Profetlbr  Robifon  has  advanced  on  the  fub- 
ject  of  Mr.  Smeaton’s  mode  of  defining  mechanic  powers  and 
mechanical  effedt ;  and  I  am  furprifed  that  among  men  of  talent 
and  afiiduity  there  can  be  a  difference  of  opinion.  It  feems 
to  me,  that  if  any  reafon  can  be  found,  it  muff  be  that  we  do 
not  underftand  the  fubjeft,  and,  perhaps  I  may  give  a  decided 
proof  of  it  in  what  I  (hall  advance  concerning  if. 

However,  I  am  fure  that  when  a  ball  of  calf  iron,  of  twenty- 
inches  diameter  is  elevated  by  means  of  a  pinion  and  wheel 
connected  to  the  tides  of  a  pair  of  fheers,  and  left  to  hang 
there  a  little  while, — if  I  cut  the  rope  that  futlains  it,  it  will 
fall  freely  a  certain  height,  in  a  certain  portion  of  time,  and 
would  dafli  a  faulty  cylinder  of  a  fleam  engine  in  pieces. 

And  I  am  fo  well  fatisfied  that  there  was  a  certain  tendency 
in  this  ball  to  fall  towards  the  centre  of  the  earth,  that  I  need 
not  take  a  moment  to  examine  the  truth  of  it;  but  that  the 
deftru£lion  of  the  cylinder  was  occafioned  by  the  ball  falling 
from  the  point  to  which  it  was  raifed,  (how  it  was  railed  is  no 
part  of  the  fubje6I.)  Then  I  fay,  that  if  the  ball  had  not 
fallen  from  the  height  it  was,  or  if  the  ball  had  not  been  fo 
heavy  as  it  was,  or  if  it  had  had  its  velocity  retarded  by  any 
means,  the  cylinder  would  not  have  been  broken.  I  will 
add,  that  had  this  ball  been  a  true  fphere,  and  the  cylinder 
had  not  been  there,  but  a  certain  curved  furface  in  its  place, 
which  fhould  have  received  the  ball  to  prevent  it  impinging 
in  the  line  of  defeent,  it  would  have  been  turned  out  of  its 
courfe  conformably  to  the  nature  and  pofition  ot  the  curve  : 
and  all  that  is  above  common  apprehenfion  in  this  matter,  is, 
that  while  the  ball  was  falling,  its  velocity  was  increafing 
every  infiant,  and  that  when  it  met  with  the  curve  (if  it  gave 
jt  an  horizontal  courfe)  it  would  proceed  with  uniform  velocity 
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juft  twice  the  fpace  through  which  it  fell,  allowing  the  fame 
time  for  this  horizontal  courfe  as  it  had  in  falling  its  perpen¬ 
dicular  height,  and  that  its  tendency  is  to  continue  that  courfe 


for  ever. 

From  this  ftatement  of  the  law  of  bodies  in  motion,  (fo  far 
as  it  goes)  I  think  we  need  not  be  very  diffident  in  faying, 
that  it  is  from  fimilar  facts,  (though  lefs  philofophically  obferv- 
ed)  that  we  obtain  our  primary  ideas  of  motion.  The  apple 
falling  from  the  tree  is  a  very  good  inftance  to  the  point,  and 
it  would  not  require  a  very  extraordinary  ftretch  of  genius,  to 
apply  fuch  an  accident  as  that  to  any  thing  like  the  pile 
engine,  ftamping  prefs,  &c. 

But  there  arecertain  fpeculative  mechanics,  who  in  their  mode 
of  accounting  for  effedls  like  what  are  here  ftated,  have  chclen 
to  adopt  terms  of  a  very  different  import,  and  for  fome  latent 
realon  with  to  keep  gravitation  out  of  fight.  The  writer  ot 
the  article  Dynamics  in  the  Supplement  of  the  Encyclopedia 
Britannica,  calls  it  preffure,  and  by  his  way  of  philofophifing  in 
the  explanation  of  the  meafure  of  mechanic  power,  has  (in 
my  opinion)  laboured  to  make  it  as  myfterious  as  poffible. 

I  muft  for  the  fake  of  thofc  of  your  readers  who  have  not 
the  work  to  refer  to,  quote  a  few  paffages  now  and  then  from 
the  above  popular  work,  and  here  I  would  refer  them  10 
the  article  on  Machinery,  where  he  begins  by  ftating,  that 
different  notions  have  been  entertained  on  this  fubjedt  by 
Leibnitz,  des  Cartes,  and  other  eminent  mechanics  of  the  laft 
century,  and  adds,  lt  that  fome  of  the  mojl  eminent  pra&itioners 
of  the  prefent  times  (for  we  mttjl  include  Mr .  Smeaton  in  the 
number )  hate  given  meafures  of  mechanical  power  in  machinery , 
which  we  think  inaccurate,  and  tending  to  erroneous  conclufons 
and  maxims .” 

He  then  proceeds  to  explain  and  demonftrate  the  true 
meafure  of  mechanic  power,  and  he  begins  by  fuppofing  a 
man  prefling  uniformly  on  a  mafs  of  matter  for  a  certain  time, 
and  going  on  with  the  lubjedt  takes  occalion  to  diftinguifh 
between  t he  weight  of  a  body  and  its  heavinefs !  and,  towards 
the  latter  end  of  that  feclion  he  comes  to  lome  fort  of  a  con- 
clufion  of  the  fubjedt,  fo  far  as  to  fay  what  is  the  real  meafure  of 
mechanic  power:  1  fee  I  muft  make  endlefs  quotations  if  1 
regard  the  very  letter  of  his  argument,  but  I  hope  I  fball  be 
excufed  ;  however  I  will  quote  the  laft  paragraph  verbatim. 

Relating 
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Relating  to  the  prepare  of  the  man  juft  mentioned,  lie  fays,  Meafarr  of 
**  but  farther  we  know,  that  thic  preffure  is  the  exertion  powcr 

we  have  no  other  notion  of  our  own  force,  and  our  notion  of 
gravity,  of  elafticity,  or  any  other  natural  force  is  the  fame. 

We  alfo  know,  that  the  continuance  of  this  exertion  fa  igues 
and  exhaufts  our  ftrength  as  completely  as  the  moft  violent 
motion.  A  dead  pull  as  it  is  called  of  a  horfe  at  a  pott  fixed 
in  the  ground,  is  a  ufual  trial  of  his  ftrength.  No  roan  can 
hold  out  his  arm  horizontally  for  much  more  than  a  quarter  of 
an  hour,  and  tire  exertion  of  the  laft  minutes  gives  the  moft; 
diftrefting  fatigue,  and  difables  the  (boulder  for  aClion  for  a 
confiderable  time  after.  This  is  therefore  an  expenditure  of 
mechanical  power  in  the  jlriti  primitive  fenfe  of  the  word.  Of 
this  expenditure  we  have  an  exa6t  and  adequate  effect  and 
meafure  in  the  quantity  of  motion  produced,  that  is  in  the 
produCt  of  the  quantity  of  matter  by  the  velocity  generated 
in  It  by  this  exertion.  And  it  muft  be  particularly  noticed, 
that  the  meafure  is  applicable  even  to  cafes  where  no  motion 
is  produced  by  the  exertion  ;  that  is,  if  we  know  that  the 
exertion  which  is  juft  unable  to  ftart  a  block  of  ftone  lying  on 
a  fmooth  pavement,  but  would  ftart  it  if  increafed  by  the 
fmalleft:  addition,  and  if  we  know  that  this  would  generate 
in  a  fecond  32  feet  of  velocity  in  100  pounds  of  matter,  we 
are  certain  that  it  was  a  preft'ure  equal  to  the  weight  of  this 
100  pounds.  It  is  a  good  meafure,  though  not  immediate, 
and  may  be  ufed  without  danger  of  miftake  when  we  have  no 
other.” 

I  fliould  not  have  quoted  fo  much  of  this  feClion,  if  it  had 
not  been  that  I  think  it  contains  an  unequivocal  interpretation 
of  the  writers  notion  of  the  true  meafure  of  mechanic  power,  and 
at  once  exhibiting,  in  my  proud  opinion,  the  fallacy  of  the 
dodrine  in  toto.  What !  thall  mere  mulcular  exertion, 
whether  of  horfe  or  man,  be  efteemed  even  an  auxiliary  to 
get  the  conception  of  the  nature  of  the  thing ;  how  much  Iefs 
then  (hall  it  be  fet  forth  as  the  thing  itfelf?  In  perfed  con- 
fonance  with  thiswriter.  Mi. Gregory,  page  1 52,  Phuofophical 
Journal,  Vol.  XI.  fays,  fuppofe  that  a  horfe  while  Handing 
bill,  fuftains  by  means  of  a  rope  and  fimple  fixed  pulley,  a 
mafs  of  an  hundred  weight,  and  thus  keeps  it  fill  pended  at 
the  top  of  a  well  for  the  (pace  of  a  minute  j  neither  toe 
animal  nor  the  weight  moves :  but  (ball  we  fay,  in  conformity 

*  Article  Machinery,  Supplement,  4th  fee. 
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as  it  would  feem  with  Mr.  Smea  ton's  meafure,  that  there  is  no 
power  expended,  no  eft'eft  produced.  On  the  contrary  we 
know  there  is  a  power  expended,  and  that  efleft,  if  fufficiently 
long  continued,  would  completely  tire  the  horfe.  Then  let 
us  have  a  poft  inftead  of  the  horfe,  and  furely  that  will  not 
tire,  and  what  will  be  the  confequence  then  ?  why  then  there 
will  be  no  power  expended,  and  no  efteft  produced  ;  and  I 
beg  leave  to  afk  my  opponents,  what  is  the  power  expended 
when  a  horfe  or  other  animal  is  placed  there  to  fuftain  the 
weight  ?  is  it  any  more  than  the  expence  of  nervous  or 
mufcular  a&ion  ;  and  has  that  any  analogy  with  a  weight 
descending  through  a  given  fpace,  either  uniformly  or  ac¬ 
celerated?  and,  I  afk  again,  what  is  the  effect  produced  more 
than  what  is  produced  by  the  poft  ?  the  horfe  does  but  keep 
the  weight  from  dropping  into  the  well,  and  the  poft  will  do 
the  fame  ;  indeed  you  may  fay,  that  when  you  hang  up  your 
hat,  that  the  pin  which  fuftains  it,  prevents  it  from  falling,  as 
does  the  horfe  the  mafs  in  the  well,  and  that  therefore  there 
muff  be  fome  power  expended  on  the  pin. 

It  is  really  difficult  to  be  grave  on  this  occafion  ;  but  I  feel 
myfelf  reftrained  by  the  magnitude  of  the  fubje£t,  and  its  im¬ 
portance  to  the  community.  Profeffor  R obi  Ion  fays,  when  a 
man  holds  out  his  arm  horizontally,  the  exertion  towards  the 
end  of  a  quarter  of  an  hour  gives  the  mod  diftrefting  fatigue, 
and  then  fays  this  is  an  expenditure  of  mechanical  power, 
which  I  fhall  take  the  liberty  to  deny  for  the  prefent.  But  is 
it  fuch  a  mechanical  power  as  Smeaton’s,  or  in  tine,  is  it  a 
power  made  up  of  a  mafs  of  matter  moving  with  any  deter¬ 
minate  velocity  either  uniform  or  accelerated?  If  the  learned 
Profeffor  intended  to  familiarize  the  doctrine  to  people  of 
common  fenfe,  he  could  not  have  chofen  a  more  indirect  and 
perplexing  example, 

Bui  let  us  attend  a  little  further  to  the  fubjeft  in  the  fourth 
feftion  of  the  article  Machinery,  Sup.  Ency.  Bril.  There  he 
fays,  that  "  when  a  man  fupports  a  weight  for  a  ftngle  in- 
ftant,  he  certainly  balances  the  pretfure  or  a<51ion  of  gravity 
on  that  body,”  by  the  way  here  is  a  great  want  of  precision 
in  the  expreflion,  “j vrefiirre  or  a6tinn  of  gravity”  as  if  they 
were  fynonimous  terms,  whereas  preJTure  certainly  denotes 
repulfnn ,  if  the  term  will  bear  any  definition  at  ail,  and  to 
explain  the  term  gravity  if  it  will  not  admit  of  at  l  raft  ion,  I  am 

fure 
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Jure  it  cannot  be  called  repulfion,  but  to  proceed,  **  and  hc^Iea^re 
continues  this  a<5iion  as  long  as  he  continues  to  fupport  it,  or  effeft.  P°W"r 
and  we  know,  that  it  this  body  were  at  the  end  of  a  horizon¬ 
tal  arm  turning  round  a  vertical  axis,  the  fame  effort  which  the 
man  exerted  in  merely  carrying  the  weight,  if  now  exerted  on 
the  body  by  pu filing  it  horizontally  round  the  axis,  will  gene¬ 
rate  in  it  the  fame  velocity  which  gravity  would  generate  by 
its  falling  freely. ” 

A  more  erroneous  proportion  was  never  introduced  to  the 
theory  or  practice  of  mechanics.  What,  is  there  no  difference 
in  a  man  carrying  a  load  on  his  fhoulder,  and  putting  it  into 
a  truck  ?  or  to  come  nearer  the  Profeffor’s  propofition,  let  the 
man  w  ho  has  to  carry  two  hundred  pounds  for  one  mile  be 
permitted  to  take  the  weight  from  his  thoulders,  ami  reft  it  on 
the  arm  of  any  thing  like  a  horfe  wheel,  perfectly  detached 
from  the  mill  gear,  let  the  gudgeons  be  oiled,  and  then  let 
him  “ yujti*  it  horizontally  round  its  axis  until  he  has  travelled 
a  mile. 

Now  without  afking  the  man  which  he  likes  bed,  let  us  fee 
what  he  does  by  placing  his  load  on  the  arm  of  the  horfe- 
wheel,  and  pufhing  it  round.  Why,  he  certainly  overcomes 
the  additional  friction  which  his  load  has  added  to  the  weight 
of  the  wheel,  and  that  is  all,  and  if  you  will  let  us  have 
gudgeons  which  have  no  friction,  the  man  need  not  to  walk 
far  to  pufh  the  horizontal  arm  into  perpetual  motion. 

But  now  for  the  mondrous  couclufron  by  this  propofition. 
f<  If  the  maids  exertion  was  employed  to  generate  motion  in¬ 
dead  of  counteracting  gravity,  he  would  generate  during  that 
minute  the  fame  motion  that  gravity  would;  that  is  60x52 
feet  velocity  per  fecond  in  a  mafs  of  SO  pounds.  There 
w'ould  be  50  pounds  of  matter  moving  with  the  velocity  of 
1920  feet  per  fecond.  We  would  exprefs  this  production 
or  ede<5t  by  30  x  1920,  or  by  57600  as  the  meafure  of  the 
man’s  exertion  during  the  minute.” 

Here  is  evidently  a  typographical  error,  fecond  for  minute, 
but  when  we  admit  fuppodtions  for  the  fake  of  d'ludration, 
there  ought  to  be  fome  conformity  in  the  fuppoGtion  to  the 
fact  it  is  intended  to  illudrate:  than  [  would  afk,  where’s 
the  man  who  can  generate  32  feet  of  velocity  in  a  mafs  of 
30  pounds  in  one  feco'uJ  ?  to  be  lure  he  can  let  it  fall  a  fecond, 
but  he  cannot  curry  it  32d«et  in  a  lecond  ;  but  he  fays,  “  we 
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would  exprefs  the  production  or  effect  by  30x  1920  or 
5760  as  the  meafure  of  the  man's  exertion  during  the  minute.” 
Sir,  it  is  more  than  even  one  of  Boulton  and  Watts’  horfes  can 
do. — Well  may  he  fay,  “  fuch  an  exertion  will  completely 
exhaud  a  man’s  drenglh.” 

He  then  goes  on  to  confider  “  more  narrowly  what  a  man 
really  does ,  when  he  performs  what  Mr.  Smeaton  allows  to  be 
the  production  of  a  meafurable  mechanical  effeCt.  Suppofc  a 
weight  of  30  pounds  hanging  by  a  cord  which  paffes  over  a 
pulley,  and  that  a  man  taking  this  cord  over  his  flioulder, 
turns  his  back  to  the  pulley,  and  walks  away  from  it,  we 
know  that  a  man  of  ordinary  force  will  walk  along  railing  this 
weight  at  the  rate  of  about  iixty  yards  in  a  minute,  or  a  yard 
in  every  fecond,  and  that  he  can  continue  to  do  this  for 
eight  or  ten  hours  from  day  to  day,  and  that  this  is  all  he  can 
do  without  fatigue.  Here  are  30  pounds  raifed  uniformly 
ISO  feet  in  a  minute,  and  Mr.  Smeaton  would  exprefs  this  by 
30 x  180  or  5400,  and  would  call  this  the  meafure  of  the  me¬ 
chanical  effect,  and  alfo  of  the  expenditure  of  power.  This 
is  very  different  from  our  mealure  57600.” — Yes,  but  I  hope 
not  the  lets  conclufive  on  that  account. 

It  is  wholly  incomprehenfible  to  me  why  thofe  men  (who 
have  certainly  a  right  to  controvert  any  propofition  which 
appears  to  them  erroneous)  thould  take  up  the  fubjedt,  affuming 
points  which  the  doctrine  advanced  by  Mr.  Smeaton  has  no¬ 
thing  to  do  with.  It  is  clear  that  all  this  animal  exertion 
comes  at  lad  to  the  law  of  bodies  falling  in  accelerated 
velocity,  which  Smeaton  allows  to  be  a  didindt  confideration, 
as  he  fays,  “  if  the  weight  defeends  quickly,  it  is  fenfibly 
compounded  with  another  law,  viz.  the  law  of  acceleration 
by  gravity.”  But  how  inconfiftent  is  it  to  go  about  to  eluci¬ 
date  the  laws  of  bodies  in  motion  by  the  adtion  of  a  man  or  a 
horle.  What  is  the  expenditure  of  animal  power  but  a  wade 
ct  what  has  been  ulually  termed  by  anatomids  nervous 
fpirits,  or  perhaps  an  inceptive  diforganization  of  the  con- 
dituent  parts  of  the  ligaments  and  mufcles  ?  in  fliort,  we  may 
compare  it  to  contradlions,  inflammation,  and  gangrene,  but 
never  to  the  momentum  acquired  by  a  body  moving  through 
a  certain  (pace  in  a  certain  time.  It  is  remarkable,  that  all 
this  reafoning  is  about  that  of  which  Mr.  Smeaton  has  never 


laid  a  word,  except  in  his  illuflration  of  the  mechanic  power 

neceffary 
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necclTary  to  give  velocity  to  heavy  bodies,  where  he  fuppofes  Meafureof 

•  i  11  i.i  ...  mechanic  power  1 

a  man  puthing  an  iron  ball  on  an  extended  plane,  and  this  not  0reffc&. 

to  try  his  mufcular  force,  or  to  fee  what  he  can  do  w  ithout 

tiring,  but  merely  in  elucidation  of  the  do&rine  he  fets  out 

with. 

I  have  not  time  at  prefent  to  purfue  the  fubjedt  to  the 
extent  I  with,  and  to  enter  on  the  ground  of  the  midake  of 
this  great  man  :  nor  let  it  be  imagined  for  a  moment  that  I 
have  availed  myfelf  of  his  everlading  abfence,  to  call  in 
quedion  what  he  has  advanced  in  refutation  of  a  fuppofed 
error.  It  would  have  remained  as  it  w'as  unto  a  didant  period, 
had  it  not  been,  that  I  fee  Mr.  Gregory  advancing  the  fame 
opinion,  which  no  doubt  he  will  defend  or  defert. 

I  am.  Dear  Sir, 

Your  obedient  Servant, 

J.  C.  HORNBLOWER. 

If  Mr.  Gregory  fliould  read  this,  I  diall  be  glad  if  he  will 
fet  me  right  as  to  the  identity  of  animal  exertion  and  mechanic 
power. 


VII. 


An,  Invejligafion  of  all  the  Changes  of  the  variable  Star  in  Sobiefid’s 
Shield,  from  five  Years  Obfervations ;  exhibiting  its  propor¬ 
tional  illuminated  Parts ,  and  its  Irregularities  of  Rotation  ; 
with  Conjectures  refpetting  unenlightened  heavenly  Bodies.  By 
Edward  Pigott,  Efq.  Abridged  from  the  PhilofophieaJ 
Tranfhtiions  for  1805. 


The  author  begins  his  memoir  with  an  invedigation  of  the  The  variable  ' 
periods  of  change  in  the  variable  dar  in  Sobietki’s  diield,  of  *Vr  ,flSoblC)^i 
which  the  right  afcenfion  was  ‘279°  9\',  and  its  declination  0n  its  axis  in 
fouth  5°  56',  for  end  of  June  1796.  Its  rotation  on  its  axis  6l»  days* 
in  1796  w^as  edimated  at  62|  days,  from  a  mean  of  fix  obfer¬ 
vations  of  its  greated  and  lead  brightnefs.  In  the  prefent 
paper  he  gives  about  2 6  fimilar  determinations,  mod  of  them 
the  refults  of  very  accurate  obfervations  made  in  the  year 
1796,  1797,  1798,  1799,  and  1801.  Frcm  all  thefe  refults 

it 
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The  places  of 
full  and  lead 
brightnefs  do  not 
equally  divide 
the  dar's  cir¬ 
cumference  ; 


it  was  found  that  the  difagreements  between  the  periods  of* 
change,  as  deduced  from  its  full  brightnefs,  were  much  greater 
than  ihofe  deduced  from  its  lead  illumination.  The  former 
gave  the  mean  period  63  d<.ys,  and  the  latter  59|  ;  and  the 
mean  of  thefe,  namely  61^  days,  agreeing  with  the  former 
determination  to  J  day,  is  as  near  as  could  be  expe&ed  in  ob- 
fervations  of  this  nature. 

The  author  in  the  next  place  proceeds  to  examine  fome 
other  of  the  changes  to  which  this  ftar  is  fubject.  By  tabulated 
obfervations  through  the  fame  feries  of  years,  he  finds  that  the 
time  of  decreafe,  from  the  middle  of  its  full  brightnefs  to  the 


they  divide  it  as  middle  of  its  lead,  is  on  a  mean  of  34  days;  and  that  the 
time  of  its  increafe,  from  the  middle  of  its  leaf!  brightnefs  to 
the  middle  of  its  full,  is  in  like  manner  only  27  days.  The 
fum  of  thefe  numbers  amounting  to  the  period  61,  thews  their 
probable  exa&nefs.  Thefe  compared  and  combined  with  the 

former  determinations  of  1796,  give  a  mean  of  the  whole 

* 

33  -f-  and  29  —  days.  As  it  thus  appears  that  the  time  of 
the  decreafe  is  longer  than  that  of  the  increafe,  it  follow?  of 
courfe,  that  the  places  of  the  full  and  leaf!  brightnefs  are  not 
fituated  at  the  diftance  of  half  the  circumference  from  each 
Other  variable  other ;  and  the  like  circumftance  Mr.  P.  affirms  is  found  to 
affeaJd.fimilarly  be  ^ie  ca^e  with  moll,  if  not  all  the  variable  Pars. 

The  luminous  The  next  particulars  to  be  reviewed  were  the  durations  of 

feWes*1  variable.*  brightnefs  without  any  perceptible  change,  while  at  its 
maximum  and  minimum.  Thefe  determinations  required  a 
tolerable  fucceftion  of  obfervations ;  where  that  is  not  the  cafe 
he  has  omitted  them  in  his  tables  From  thefe  it  is  found  in 
general,  that  when  the  degree  of  brightnefs  at  its  maximum 
is  lefs  than  ufual,  and  its  minimum  not  much  decreafed,  the 
changes  take  place  but  very  (lowly,  and  cannot  be  fettled  with 
much  accuracy  unlefs  the  obfervations  have  been  made  fre¬ 
quently  and  with  great  attention.  Pie  accordingly  paffes  again 


over  the  feries  of  years,  (hewing  the  dates  of  its  magnitudes 
when  at  its  full  brightnefs,  and  alfo  when  at  its  leaf!  bright¬ 
nefs,  and  he  tabulates  at  the  end  of  the  firft  part  of  his  paper, 
all  the  different  changes  that  have  been  examined.  The  words 
in  the  fir  ft  column  or  compartment  deferibe  them  ;  in  the  fe- 
cond  column  the  prefent  relulls  are  exhibited  ;  in  the  third  are 
the  refults  of  the  former  obfervations;  and  in  the  laft  column 
is  placed  a  mean  of  both  computed  proportionally,  according 
to  the  number  of  obfervations  of  each. 
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Table  VI IT. 


—  ■  -  ■ 

Days, 

• 

Days. 

Days. 

on  a 

mean. 

Rotation  on  its  axis  - 

bl4 

62 1 

62- 

Duration  ot  brightnefs,  at  its  max- 

imum,  without  any  perceptible 
change  - 

8  + 

H 

9i 

Ditto,  when  it  does  not  attain  its 

ufual  brightnefs  - 

Duration  of  brightnefs  at  its  mini- 

20- 

— 

— 

mum,  without  any  perceptible 
change  - 

9- 

9 

9 

Ditto,  when  it  does  not  decreafe 

fo  mLch  as  ufual  - 

20- 

— 

- - 

Decreafe  in  time,  from  the  middle 

• 

of  its  full  brightnefs  to  the  middle 
of  its  Ieaff:  - 

34- 

23 

3  3 -f- 

Increafe  in  time,  from  the  middle 

ot  its  lead  brightnefs  to  the 
middle  of  its  full  - 

27 -f 

35 

29- 

Tab'e  of  the  ge¬ 
neral  affections 
of  the  variable 
ftar. 


Extremes  of  its  different  degrees! 
of  brightness  ;  with  a  mean  of  l 
its  utual  variations  -  j 


H 

9  or 
0 


5. 

6 


The  author  having  thus  fettled  with  confiderable  precifion  The  changes  in 
thefe  eflential  variations  of  the  ftar,  proceeds  to  examine  tome  ts  occaf,^a 
of  its  other  phenomena,  particular  ly  or.e  which  is  common  to  the  periods 
mott  of  the  changeable  ftars,  and  like  wife  in  fome  degree  to  difiCr  fromneach 
our  fun,  namely,  that  the  times  of  their  periodical  returns  of  other, 
brightnefs  are  in  general  irregular, — a  circumftance  to  inle- 
refiing  as  to  engage  our  attention,  and  which  induced  Mr.  P. 
to  n  »Jce  the  fucceffion  of  obfer  vat  ions,  in  the  hope  of  difco- 
vering  its  nature  and  caufe.  With  this  view  he  has  proceeded 
to  tabulate  the  feries  of  years,  fo  as  to  afeertain  the  apparent 
rotations  in  days  from  the  obfefved  middle  times  ot  its  full 
brightnefs,  and  alfo  from  the  obferved  middle  times  of  its 
leaf!  brightnefs,  for  fingle  periods.  From  thele  it  appears, 
that  the  periodical  returns  of  brightnefs  are  uncommonly  fluc¬ 
tuating,  and  that  the  differences  between  the  extremes  are 
very  confiderable  ;  to  account  tor  which  he  offers  the  follow- 
Vol.  XI. — August,-*  1805.  T  iug 
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ing  explanations,  fuggefting  previoufly  a  few  plaufible  con¬ 
jectures  and  Tome  inferences  arifing  from  the  obfervations 
themfelves  *. 

Aflumedpofi-  1  ft.  That  the  body  of  the  ftars  are  dark  and  folid. 

10n;L\  .  2d.  Their  real  rotations  on  their  axes  are  regular, 

i.  The  ftars  are  ..... 

opake.  %.  They  3d.  Thai  the  itirrounding  medium  is  b)'  limes  generating 

have  regular  ro-  ancj  abforbing  its  luminous  particles  in  a  manner  nearly  ftmilar 
tations.  3.  Their  7  .  .  -  .  ...  _  ,  . 

luminous  ap-  to  what  has  been  lately  to  ingemoufly  llluitrated  by  the  great 

pearance  is  inveftigator  of  the  heavens.  Dr.  Herfchel,  with  regard  to  the 
caufed  by  an  at-  f  ,  ,  r  , 

rnofphere  like  s  atmofphere. 

that  of  the  fun.  4ih.  That  thefe  luminous  particles  are  but  Jparingly  difperfed 
p a rts^ar e.U tp <1° ° U $  *n  a^mo^phere  furrounding  the  variable  ftar  of  Sobielki, 

ringly  difperfed  appears  from  the  ftar  being  occaftonally  dim  ini  died  to  the  6.7 

treated^: herC  nia£n‘tude,  and  much  lefs.  July  4,  1799,  it  was  of  the  7th; 

September  15,  1798,  and  Auguft  9,  1803,  of  the  9th,  if  not 
invijible.  (See  Table  VII  f.)  Does  not  this  indicate  a  very 
i'mall  portion  of  light  on  its  darkened  hemi/phere  ? 

5.  Frobably  5th.  And  may  we  not  with  much  plautibility  conftder  them 

(mall  patches :  as  (pots,  fomewhat  circular,  or  of  no  great  extent  ?  for  even 
on  its  brightefi  hemifphere  the  duration  of  its  full  luftre  is,  on  a 
mean,  only  9f  days  of  the  62,  or  about  one-ftxtb  and  \  of  its 
circumference.  (See  Table  VIII.  page  140.)  The  dimen- 
fions  therefore  of  the  parts  enlightened  feem  much  circum- 
feribed,  and  can  be  tolerably  eftimated,  and  consequently 
may  be  reprefented  very  fmall,  particularly  if  the  powerful 
effect  of  a  little  light  and  the  length  of  time  a  bright  fpot  is  re¬ 
maining  in  view  be  taken  into  confideration. 

6lh.  And  a  further  ground  of  preemption  that  tbofe  prin¬ 
cipal  bright  parts  are  but  flight  patches  is,  that  they  undergo 
perpetual  changes,  and  alfo  that  fuch  changes  are  very  vilible 
to  us,  for  moft  probably  they  would  be  imperceptible,  were 
not  the  bright  parts  contrafted  by  confiderable  intervals  or 
diminutions  of  ligh*. 

7.  And  deducible  7th,  and  laft.  We  may  obtain  fome  idea  of  the  relative 
Sena1*16  pheno*  fituation  or  intervalrbetween  thefe  bright  parts,  by  the  obferva- 


6.  Changeable 
in  their  nature 


*  The  reft  of  the  paper  is  given  without  abridgement,  and  th< 
author  himfelf  fpeaks  in  the  firft  perfon. 

f  The  author  refers  to  his  tables  in  the  Tranfa&ions,  of  whicl 
the  abridged  refult  has  been  here  given. 
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tions  oF  the  increafe  and  decreafe  of  brightnefs,  as  thereby  the 
changes  and  times  elapfed  are  pointed  out,  (See  Table  V. 
page  136;  and  Phil.  Tranf.  for  1797.) 

I  have  tried  pra&ically  the  effe6t  of  the  above  fuppofitipnSjfcxpeniflcnt  with 
by  placing  fmall  white  fpots  on  a  dark  fphere,  which  being  a  knllerc* 
revolved  round  reprefented  the  various  changes  nearly  as 
could  be  expected :  proceeding  therefore  with  thefe  and  other 
confiderations,  I  (hall  make  ideal  drawings  of  the  dar  with  the 
fmall  illuminated  parts  in  its  atmofphere,  and  apply  to  them 
fome  of  the  actual  obfervations  from  both  the  preceding  tables, 
having  always  in  view  that  each  period  may,  more  or  lefs, 
require  a  different  difpofition  of  fpots,  in  confequence  of  their 
Conftant  changeability. 


]Ji  View, 

Plate  XIII.  Fig.  1,  AB,  the  dar's  polar  axis,  round  which  View  of  the  (hr 

its  rotation  takes  place  in  62  days  from  C  to  D.  brightnefs?^ 

C  D,  its  equator,  the  360  degrees  of  which  being  revolved 
in  62  days,  gives  nearly  5~  degrees  for  each  da^'s  motion  ;  the 
brighlefl  part  or  fpot  is  reprefented  as  centrally  facing  us, 
and  accordingly  {hewing  the  dar  in  its  greatefi  ludre.  Were 
this  bright  fpot  and  the  other  parts  to  remain  unchangeable , 
they  wrould  after  having  completed  the  revolution  ot  360  de¬ 
grees,  or  62  days,  (the  liar's  rotation  on  its  axis,)  appear 
again  as  at  fird,  and  at  every  return  continue  to  give  exaft 
periodical  times,  as  was  nearly  the  cafe  in  1799,  between  , 

Augud  and  October,  (fee  Table  IX.  p.  142) ;  but  it  the  {pot 
becomes  obfcure,  and  another  brightens  up  in  a  diilerent 
place,  this  latter  will  make  the  dar  appear  at  its  next  full 
fplendour  either  fooner  or  laler  than  the  real  rotation  accord¬ 
ing  to  its  podtion,  thus. 


2d  View. 

pjcr,  i.  A  full  brightnefs  having  been  {hewn  by  the  fame  Anomaly  from 
fpot, "it  afterwards  lofes  its  light,  and  another  as  bright  is  pro-  J”'h"u 
duced  5  days  motion  [or  29  degrees)  preceding  it  at  E,  fee  apparently  fhort 
Fig.  2.  This  latter,  when  turned  centrally  to  the  earth,  will  Penod* 
appear  5  days  fooner  than  the  former  one,  now  obfcured,  (here 
parked  P,)  and  {how  the  dar  at  its  full  ludre,  making  the 
rotation  57  days  indead  of  62,  which  was  the  cafe  in  1796, 
thp  obferved  revolution  between  Septembei  1 7  and  Novem¬ 
ber  13.  (See  Table  1^) 

>  'nr'  ^  <*// 


VARIABLE  STARS. 


3d  Viezo, 


Another  casting  Fi^r.  3.  We  will  now  apply  a  cafe  of  an  interval  of  too  great 

s  nf*  lori  anna-  .  .  _  J  . 


a  peniod  appa 
rently  long 


length,  that  of  72  clays:  the  ipot  in  alone  having  fhewn  us 
the  ilar  in  its  full  ! u fire,  its  light  difappears  during  the  revo¬ 
lution,  and  another  brightens  forth  ten  days  (or  5S  degrees) 
following  it  at  H  ;  when  m  returns  to  face  us  again  in  62  days 
it  being  obliterated,  the  flar  will  appear  obfcured,  and  not 


recover  its  fplendour  until  the  new  brightened  part  H  becomes 
central,  which  being  ten  clgys  later  than  the  petition  in  which 
in  was  feen,  makes  the  revolution  72  days  inftead  of  62,  as 
was  obferved  between  July  14  and  September  24,  1801.  (See 
Table  IX.)  In  the  above  cate  the  alterations  to<T  place  while 
behind  the  ftar,  otherwife  fume  irregularities  would  have  been 
perceived,  as  will  later  be  noticed.  The  fame  reafoning  with 
proper  alterations  will,  I  apprehend,  account  for  the  oilier  re¬ 
volutions,  yet  I  fhall  foon  again  refume  the  fubjecl  with  re¬ 
gard  to  a  f  ries  of  the  greafeft  irregularities  •  at  prefent  let  us 
proceed  to  take  a  few  views  of  the  intervals  of  its  leaf}  brighl- 
vefs,  which,  contrary  to  my  expectation,  I  find  much  more 
difficult  to  explain  than  thofe  of  the  full,  although  the  refults 
difagree  lefs  among  themfelves.  The  darkened  face  of  the 
liar  is  here  represented  with  a  few  (mall  changeable  bright 
fpots,  placed  in  general  at  a  proper  diflance,  fo  as  to  keep  up 
an  uninterrupted  increafe  and  decreafe  of  light  with  regard 
to  us,  and  are  alio  made  to  correfpond  with  feveral  other 
qbfejrvations. 


4 th  Vino, 

Grcatcft  period  Fig  4  is  to  explain  the  greateft  interval  of  74  days, 

tween! ntervais  between  Jul>'  +lll>  and  September  1 6th  1799.  (See  Table  X.) 
of  leaft  bright-  The  darkened  hemifphere  here  exhibited  in  its  minimum  July 
nets.  4lh,  with  the  following  fpots,  iv  nearly-  gone  off]  next  a  fmall 

one  /,  then  another  P  of  a  fimilar  fize,  preceding  the  centre  a 
day  or  two,  (or  a  few  degrees,  (and  laftly  a  bright  one  at  D, 
juft  appearing.  During  the  rotation,  D  lofing  its  light  and  the 
P  becoming  much  brighter,  the  flar  at  its  next  return  in  62  days, 
when  at  its  (jr ft  pofition,  muft  of  courfe  appear  much  brighter, 
(See  fig.  5)  hut  by. the  retiring  of  /  and  P  continues  to  dimi- 
niffi  in  luftre  till  the  appearance  of  fome  large  fpot  from  the 
other  hemifphere ;  which  taking  place  12  days  afterwards,  will, 
(when  this  time  is  added  to  the  62  alteady  revolved)  make  the 

revolution 
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revolution  of  74-  days,  as  required  ;  for  a  view  of  a  fhort  inter* 
val,  for  the  prelent  let  that  of  50  days  be  taken  between  Auguft 
•2 1 a  and  October  16th  1301.  (See  Table  X.) 

5  th  View. 

The  lead  brightnefs  or  minimum  is  reprefented  by  fig.  6,  Lead  bfightneft, 
when  the  bright  Ipots^y  and  rat  each  extremity  of  the  equa¬ 
torial  diameter  are  mutually  but  juft  in  light  and  a  minute  one, 
r  alone  on  its  lurface  preceding  y  by  6  days  motion  :  ? i  n,  are 
other  middling  lized  fpots  near  x,  but  preceding  it;  they 
cannot  for  the  prefent  be  feen,  being  on  the  oppofite  or  bright 
hemilphere.  The  (pot  x  during  the  ftars  revolution  having 
loft  its  light,  and  r  being  conftderably  increafed,  the  next 
minimum  will  be  between  n  n  and  r ,  (inftead  of  x  and^.)  See 
fig.  7  ;  and  by  the  retiring  of  n  n  the  diminution  of  the  liar’s 
light  will  continue  to  take  place  only  until  the  re-appearance 
of  r,  at  the  place  where y  was,  which  being  6  days  fooner  than 
the  former  pofition,  (See  fig.  6,)  reduces  the  rotation  to  56 
days.  All  the  foregoing  views  are  from  unconnected  periods, 
where  only  the  ultimate  returns  of’  each  appearance  have  been 
attended  to  ;  but  now,  I  ftial!  examine  a  long  interval  with 
many  intermediate  changes,  that  between  June  18th,  and 
September  17th  1796,  wherein  are  included  the  moft  intricate 
irregularities  and  viciftitudes  :  thefe  obfervations  are  already 
pointed  at  full  length  in  the  Philofophical  Transitions  for 
1797,  and  therefore  can  at  any  time  be  infpeited  :  indeed,  I 
then  little  thought  they  would  ever  become  of  further  ufe,  but 
that  of  ftating  fails,  to  which,  however,  I  have  always  been 
very  partial,  and  particularly  fo,  after  having  experienced  the 
advantage  of  Maraldi’s  printed  obfervations  on  the  variable 
ftar  in  Hydra,  as  it  was  partly  by  them  that  1  afeertamed  the 
periodical  returns  of  brightnefs  of  that  ftar,  and  which  flattered 
me  the  more,  as  Maraldi  himfelf  had  been  lefs  fuccefsful 
in  the  attempt;  See  Phil.  Trans,  for  1786.  Yet  in  the 
prefent  Paper  I  have  omitted  all  luch  details,  being  aware 
they  might  be  thought  too  voluminious,  but  hope  at  fome 
future  time  the  Society  will  honour  them  with  a  place  in  their 
library. 

The  firft  (ketch,  Plate  XIV. represents,  for  June  13,  1796,  the 
comparative  fize  of  the  bright  fpots  fuppofed  to  furround  the 
ftar,  but  here  extended  at  full  length:  the  next  right  following 

are 
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Explanation  by  are  fphcrical  views,  on  an  enlarged  fcale,  for  each  quarterly, 

the  periodical  rotati°n  or  lefs,  (hewing  the  principal  changes,  as  exprefled 
variations  and  in  the  adjoining  remarks,  and  correfponding  with  the  obferva- 

h'h^n^heVar  **ons  ’  ^efe  being  taken  from  my  printed  paper,  as  already 
in  Sobiefki’s  mentioned,  are  marked  in  italics.  It  will  be  feen  that  the  fpots 
-Jbield.  by  which  the  changes  are  principally  regulated,  are  placed  at 

equal  diftances,  yet  intermediate  ones  might  alfo  frequently  be 
inferted  without  occasioning  any  obje&ion,  but  that  of  render¬ 
ing  the  explanations  more  complex. 

REMARKS  ON  PLATE  III. 

Fig.  3.  “  June  I  8 th,  Full  brightnefs  Mag,  bright  5th,”  before 
or  atter  which  date  the  ffar  would  appear  lefs  bright,  by  the 
ipot  E  being  removed  from  the  centre,  and  one  of  the  others 
out  of  view. 

Fig.  3.  “ July  3d,  15  days  or  J  rotation  being  day  fed  fmce 

June  18 th,  5th  Mug ,  a  little  decreafed ”  by  the  removal  of  the 
brighteft  fpot  E,  the  k  being  much  lefs. 

Fig.  4.  “ July  1 9th,  16  days  or  J  rotation  5.6  Mag.  Jill  de¬ 
creafed ,”  N  being  much  lefs  than  h,  now  gone  off.  A  flight 
minimum ” 

fig.  5.  “July  27  th,  8  days  af  the  rotation ,  5  Mag,  rather 
increnfed ”  by  the  confiderable  increafe  of  N  lince  four  days, 
with  the  addition  of  F,  a  fight  full  brightnefs. 

Fig.  6.  Aug .  3d,  7  days  of  rotation,  5,6  Mag.  decreafed  by 
the  going  off  ot  N,  the  E,  which  is  now  reappearing,  being 
reduced  to  much  lefs  than  F. 

Fig.  7.  <f  Aug .  19 th,  16  days  or  |  rotation,  5.6  Mag.  again 
decreafed by  the  removal  of  F,  by  E  being  much  lefs,  and  by 
the  h  alfo  being  conliderably  diminifhed. 

fig.  8.  “  Sept  3d,  15  days  or  J  rotation,  6  Mag.  fill  more 

decreafed ,  by  the  h  being  much  lei s  than  E,  which  is  now 
going  off,  and  N  fcarcely  reappearing,  another  minimum . 

fig.  9.  “  Sept.  17  th,  14  days  or  near  |  rotation,  5  Mag.  full 

brightnefs  confdcrably  increafed,”  by  N  having  retained  its  in- 
created  brightnefs  ot  July  27,  and  now  facing  us  centrally’. 

iff,  1  hus  are  exhibited,  the  two  fhort  intervals  of  its  full 
brightnefs,  one  between  June  18  and  July  27,  of  39  days,  and 
the  other  between  July  27  and  Sept.  17,  of  52  days.  See 
Table  IX. 
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-dly,  The  interval  of  46  days  between  the  two  minima  of^P1"111^’00  by 
jaly  19  and  Sept.  3  ;  See  Table  X.  ?h=  pS«l 

3dly,  The  long  decreafe  of  38  days  between  July  27  and  variations  and 
c  l.  a  i  irregularities  of 

Sept.  3,  and  _  ,;ght  in  the  ft* 

4-th ly.  The  rapid  increafes  of  3  and  14  days  between  the  19  in  Sobiefki’s 
and  27th  of  July,  and  the  3d  and  17  th  of  September, 

As  alfo  the  other  intermediate  changes,  yet  I  muft  again 
repeat,  particularly  as  a  few  days  error  may  occasionally  pro¬ 
ceed  from  the  obfervations,  that  by  thefe  Sketches  it  is  not 
meant  to  give  exact  drawings  of  the  fize,  di fiances  or  altera¬ 
tions  of  the  fpots,  but  merely  to  fliew  how  the  changes  may 
take  place,  as,  l  believe,  nothing  of  the  kind  has  hitherto  been 
offered  to  the  public,  either  with  or  without  corroborating  obt 
fervations ;  nor  do  I  prefume  to  think,  that  the  explanations 
are  the  only  ones  or  bed:  can  that  be  imagined,  the  more  fo, 
as  they  folely  refer  (for  greater  fimplicity)  to  the  dar’s 
equator,  while  poffibly,  were  the  fpots  placed  in  a  northern  or 
fouthern  latitude,  or  permanent  ones  near  the  poles,  or  were  a 
proper  inclination,  given  to  the  polar  axis,  they  might  be  more 
latisfa6lory  :  however,  the  materials  themfelves,  the  obferva - 
tions  and  deductions  will  I  flatter  myfelf  ever  be  acceptable,  and 
contribute  to  facilitate  future  conje&ures,  which  from  an  allowr- 
able  analogy  may  extend  to  fimilar  parts  of  the  flarry  fyftem, 
with  regard  to  the  probability  of  eftablifhing  whether  any  of 
the  mod  irregular  or  particular  changes  may  not  return  at  Jixt 
periods,  or  after  a  certain  number  of  rotations.  I  think  we  can 
entertain  but  flight  hopes  of  it,  owing  to  the  great  fluctuation  of 
the  luminous  matter,  as  Oiewn  by  the  perpetual  varying  of  the 
apparent  revolutions,  magnitudes,  &c.  See  Tab.  IX.  X.  and\  II. 

Still  it  is  natural  to  fuppofe,  that  fome  parts  of  the  atmofphere 
of  this  dar  may  have  a  lefs  tendency  than  others  to  become 
luminous,  fo  as  to  promote  at  different  times,  fimilar  appear¬ 
ances  ;  and  indeed  that  is  drongly  indicated  by  the  intervals  of 
the  minima  being  far  moreregular  than  thole  of  the  full  brightnefs, 
which,  with  other  reafons  induce  us  to  fufped  even  that  one 
of  its  hemitpheres  is  lets  favourably  conliituted  or  qualified, 
than  the  other  for  the  generating  of  thefe  particles,  although 
they  do  occaflonally  encroach  on  both  tides,  as  appears  by  the 
obfervations  between  June  and  Augult,  See  Phil.  Trans,  for 
1797,  or  the  eight  tketches  of  1796,  and  hkewite  in  1(97,  tee. 

Tab.  VII.  when  during  three  months  it  was  only  reduced  to  Lhe 
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CHangeabb  ftars 
may  become  per¬ 
manent  ; 


and  others  dif- 
appear. 


There  may  be 
dark  liars, 


perhaps  equal  in 
number  to  the 
vifible  ones. 


Our  fun, 
though  variable 
is  Hill  very  lumi 
ROUS  j 


5  or  6  Mag.  by  which  (lie  degree  of  brightnefs  that  furrounded 
it,  mud  have  been  nearly  equal  :  had  die  eaufes  of  varying  its 
light  then  ceafed,  it  would  ever  have  continued  to  appear  as  an 
unchangeable  liar  of  the  5  or  6  Mag.  and  inch  is  the  cafe  of 
fevera!  others  that  formerly  have  bu  :n  variables ,  but  lor  many  years 
retain  a  fteady  brightnefs,  as  /3  Gem’morum,  3  Urfac  major  is, 
«•  Draeonis,  and  perhaps  that  in  the  Swan's  bread,  while  others, 
after  fit  wing  their  changes,  have  entirely  dt  ('appeared,  owing  to  a 
tofal  abforption  of  light,  as  the  famous  one  in  Cadiopea,  in 
Serpentarius  of  KiOi,  that  near  the  Swan's  head,  and  doubtlels 
many  more.  Does  not  this  induce  us  to  prefume  that  there 
are  alio  others,  that  have  never  Jheun  a  glimpfe  of  brightnefs  ? 
Ludly,  new  variables  may  .become  fo  at  different  periods,  by  an 
unufual  and  partial  increafe  or  diminution  of  their  bright  parts, 
as  not  unlikely  was  (he  cafe  of  o  Celi,  Algol  a  Herculis,  &c.  for 
thefe  dars  being  by  limes  very  confpicuous,  their  changes,  had 
they  been  always  equally  great,  might  have  been  eafily  noticed 
by  the  ancient  adronomers,  who  obferved  only  with  the  naked 
eye.  A  few  lines  above,  I  mentioned  the  probability  (hat  there 
elided  primary  in  vifible  bodies  or  unenlightened  Jlars  (if  i  may 
be  allowed  the  expredion)  that  have  ever  remained  in  eternal 
darknefs ;  how  numerous  thele  may  be,  can  never  be  known. 
W  ould  it  then  be  too  daring  or  vifionary  to  fuppofe  their  num¬ 
bers  equal  to  ihofe  endowed  with  light  ?  particularly  when  we 
take  into  contemplation  the  ample  let  of  bodies  vifible  on!\  by 
reflected  rays,  that  appertain  to  our  own  f\dein,  fuch  as  the 
planets,  alferoides,  comets,  and  fatellites.  Do  not  thefe,  al¬ 
though  but  of  a  fecondary  nature,  lead  us  to  venture  on  the 
foregoing  more  enlarged  conjecture;  and  moreover  to  fufpeft, 
that  the  enlightened  pars  are  thofe  that  have  already  attained 
the  highed  degree  of  perfection  ?  granting,  therefore,  fuch 
multitudes  do  really  cxift,  cluders  of  them,  by  being  collected 
together  as  in  the  milky-way,  muft  intercept  all  more  diftant 
rays,  and  if  free  from  any  intervening  lights,  they  would  ap¬ 
pear  as  dark  J paces  in  the  heavens,  fimilar  to  what  has  been 
obferved  in  the  Southern  Hemifphere.  That  fo  few'  of  thefe 
obfeure  places  are  perceived,  may  be  attributed  to  their  being 
obliterated  by  the  prefence  either  of  foine  fealtered  dars,  or 
of  other  flight  luminous  appearances. 

I  have  thus  fully  invedigated  the  nature  of  this  didant  fun, 
’  a  lingle  one  among  many  millions,  and  fcarcely  perceptible 
5  to 


LUMINOUS  METEOR, 


to  the  fight,  yet  of  no  lets  importance  than  our  own  grand 

luminary.  But  ours  is  flill  (applied  abundantly  with  refplen- 

dent  particles,  while  Sobiefki’s  variable  liar  has  them  mod 

iparingly  dilperied  over  its  (phere:  a  fcanlinefs  that  apparently 

mud  occafion  to  its  furrounding  planets,  con  dan  t  viciflitudes 

of  uncertain  darknefs,  and  repletion  of  light  and  heat.  IIow 

far  more  enviable  Teems  our  (iluation  ;  I  mean  that  which 

we  enjoy  at  prefent ;  there  being  drong  reafoas  to  believe, 

that  the  (un’s  luminous  appearance  has  been  at  times  confi- 

derably  diminithed  ;  and  I  have  little  hefitation  in  conceiving 

that  it  may  alfo  be  reduced  at  fome  future  period  to  (mail  though  it  may 

patches,  and  then  the  apparent  irregularities  of  its  periodical  t)ecfniL  lcducecI 

rotations,  which  at  prefent  are  only  perceived  by  the  obfer- 

vations  of  trifling  dark  fpots,  would  become  evidently  con  fpi - 

cuous,  particularly  when  feen  at  a  diftance  as  remote  as  the 

variable  dars  are  from  us.  But  fuch  conjectural  flights  of 

fancy  cannot  too  loon  be  dropt.  I  therefore  (hall  conclude 

with  obferving,  that  thele  inquiries  on  the  alterations  of  light 

of  the  dars  have  been  fo  little  difeufled,  that  it  is  to  be  hoped 

they  will  not  be  dilcontinued  ;  and  although  I  have  already 

troubled  the  Society  with  many  papers  concerning  fuch 

changes,  I  nevertheiefs  propofe,  ere  long,  having  the  honour 

of  prelenting  them  with  one  more,  mod:  probably  my  lad,  on 

this  fubject. 

EDW.  PIGOTT. 


VIII. 

Account  of  a  Luminous  Meteor .  a  Constant  Reader.. 

To  Mr.  NICHOLSON. 

SIR, 

.Having  found  it  frequently  dated,  that  it  might  beufeful,  Defcriptron  of 
fhould  every  one  who  has  a  fair  opportunity  of  noting  with 
reafonable  accuracy,  the  courfe  and  altitude  of  meteors,  de  f*  ration  of  a  lumi* 
cribe  their  appearances  as  well  as  they  are  able  ;  I  lend  you  nous  meteor* 
the  following  account  to  make  what  ule  of  you  pleafe. 

Lad  night  (Sunday  the  2 id)  pading  along  the  Strand,  I 
flopped  at  the  door  of  the  Crown  and  Anchor,  the  vacant 
fp ace  before  it  lately  caufed  by  the  pulling  down  of  houfes 

offering 
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PRECIPITATION  OF  PUTINA. 


Defcription  of 
the  appearance, 
courfe,  and 
duration  of  a 
luminous  me¬ 
teor. 


Platina  is  taken 
from  iti  folution 

by  eth*)0 


offering  a  contiderable  view  of  the  heavens,  at  that  fimd 
fplendid  with  ftars ;  I  was  looking  with  attention  towards  the 
N.  W.  when  fuddenly  a  meteor  from  about  35°  of  height* 
fliot  from  the  W.  by  N.  It  was  apparently  about  the  fize  of 
a  tennis  ball,  perhaps  hardly  fo  large,  it  was  followed  by  a 
ftream  of  light  which  feemed  in  fpeeks,  the  length  of  the  train 
was  about  a  degree,  that  is  about  twice  the  apparent  diameter 
of  the  moon.  Its  courfe  was  from  North  of  Weft  towards 
the  North,  paffmg  about  10°  below  the  of  the  (Treat 

Bear,  which  I  judge  was  then  about  45°  above  the  horizon. 
Its  motion  was  majeftic,  by  no  means  rapid,  I  am  (ure  it  was 
full  ten  feconds  in  motion,  the  light  not  fo  piercing  as  that  of 
a  ftar  of  the  firlt  magnitude,  but  exceeded  that  of  the  fecond, 
with  which  I  had  full  opportunity  of  comparing  it.  It  ran 
through  30°  of  the  heavens,  deferibing  an  arch  of  great 
diameter,  its  path  was  convex  above,  and  declining  down¬ 
wards.  The  extinction  of  it  w’as  at  an  altitude  of  about  25s* 
having  fallen  certainly  not  more  than  10°,  I  do  not  think,  fo 
much.  It  very  vilibly  Hopped  before  it  was  extinguifhed. 
It  burft  at  laft  with  very  few  fparks,  and  its  train  and  itfelf 
together  difappeared  in  a  moment.  I  had  perfect  leifure  anti 
(pace  to  obferve  its  whole  courle,  it  expired  below  the  fecond 
pointer,  I  inftantly  drew  out  my  watch,  and  comparing  it 
this  morning  with  the  clock  of  St.  Paul’s  Cathedral,  it  w;as 
exa6Ily  at  thirty-one  minutes  after  eleven  that  I  obferved  the 
end  of  the  phenomenon. 

I  am,  Sir, 

Your  moft  obedient  humble  Servant, 


Monday,  July  22d,  1S05. 


A  Constant  Reader. 


IX. 

Precipitation  of  Platina  as.  a  Covering  or  Defence  to  poli/hed 
Steel,  and  aljb  to  Bruj's.  In  a  Letter  jrorn  Mr.  J.  Stodaki. 

To  Mr.  NICHOLSON. 

Dear  Sir, 

You  kindly  favoured  me,  by  inferting  in  the  laft  Number 
of  jour  excellent  Journal,  an  account  ot  a  method  I  have 

3  uled 


t 


PRECIPITATION  Of  PLATINA.  285 

Ulcd  with  fuccefs,  for  gilding  pol idled  Heel  with  gold  ;  pet* 

haps  it  may  be  worth  knowing,  that  a  very  fimilar  procefs 

may  be  performed  with  platina.  That  metal,  in  a  Hate  of 

folution,  is  taken  up  from  the  acid  by  agitation  with  ether,  in 

the  way  that  gold  is,  though  certainly  with  lets  avidity.  The 

ethereal  folution  of  platina  afforded  by  this  procefs,  is,  like 

that  of  gold,  depofited  on  the  furface  of  polifhed  iron,  or  flee), anc*  coat*  iron  ot 

forming  a  coat  of  defence  from  ruth  It  is  perhaps  a  fa<5t  of  L  i 

equal  importance,  that  the  furface  of  polifhed  brafs  is  coated 

with  platina  by  the  fame  operation  that  fleet  is;  namely,  by  and  alfo  brafs, 

plunging  the  brals  for  an  infant  into  the  ethereal  folution. 

As  far  as  I  know,  thefe  fads  have  not  hitherto  been  noticed  : 
on  the  contrary,  authors  highly  refpedable,  have  from  ingeni¬ 
ous  and  well  conducted  experiments,  been  led  to  conclufions 
very  oppofite  to  thofe  I  have  advanced.  Dr.  Lewis,  to  whole  Dr.  Lewis’s  ex¬ 
genius  and  indufiry  the  arts  are  much  indebted,  fays,  (t  gold  Contrary  el^  * 
is  the  only  one  of  the  known  metals  which  the  ether  takes 
from  acids;  and  hence  this  fluid  affords  a  ready  method  of 
diflinguifhing  gold,  contained  in  acid  folutions.”  The  fame 
author  gives  the  following  experiment.  “  Sulphuric  ether 
was  poured  into  a  folution  of  platina,  and  into  a  compofition 
of  platina  and  gold.  The  vials  were  flopt  and  fhaken,  the 
ether  received  no  colour  from  the  folution  of  platina,  but  be¬ 
came  inflantly  yellow  from  that  of  the  platina  and  gold.” 

The  only  way  in  which  I  can  account  for  thefe  refults,  fo  con¬ 
trary  to  my  experience,  is  by  fuppofing  that  the  platina  with 
which  Dr.  Lewis  made  his  experiments,  was  not  fo  pure  as 
that  with  which  we  are  now  furnifhed.  What  I  ufed  was  probably  becau/e 
part  of  an  excellent  malleable  bar,  its  fpecific  gravity  I  do  j^s  j^na  wail 
not  exadlly  know',  I  am  inclined  to  think  it  was  quite  pure. 

The  ether  was  furnifhed  by  my  friend  Mr.  Hume,  whom  I 
am  again  happy  to  thank  for  his  kind  and  able  affiHance. 

The  ethereal  folution  of  platina  is  of  a  beautiful  pale  yellow 
colour,  does  not  at  all  flain  the  hand,  and  is  precipitated  by 
volatile  alcali.  The  precipitate  I  have  not  examined.  It  may 
be  fulminating,  and  I  have  no  relifh  for  explofions.  The  coat 
of  platina  on  Heel  is  of  a  dull  w  hite  colour.  I  have  no  doubt  The  platina 

of  its  proving  quite  as  good  a  defence  from  ruH,  as  the  coal  beautituUhar. 
of  gold.  It  is,  how  ever,  by  no  means  fo  beautiful;  for  which  gold, 
reafon  a  preference  will  probably  be  given  to  the  laft  named 
’metal.  1  have  ufed  both  the  gold  and  platina  in  coating 

different 
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different  parts  of  the  tame  inftrument.  The  effect  produced 
by  the  contraft  of  colour  is  very  beautiful.  Whether  any 
of  thefe  obfyrvalions  may  be  worth  communicating  through 
the  medium  of  your  mod  ufelul  Journal,  is  a  cjueftion  I  beg 
leave  to  (ubmit  entirely  to  your  judgment.  1  have  not  tried 
any  of  the  cflential  oils  with  tolution  of  platina  ;  further  ex¬ 
periments  will  probably  be  made  with  thefe  metallic  folutions, 
by  thofe  w'ho  have  more  time,  and  a  better  knowledge  of 
thefe  fubje£t$.  Such  purfuils,  when  the  refults  are  frankly 
communicated,  promife  to  benefit  (Science,  and  mult  ultimate¬ 
ly  prove  ufeful  to  lociety. 

I  remain  with  much  refpedt, 

Dear  Sir,  your  obliged  Servant, 


Strand,  July  2-1,  1  805. 


J.  STODART. 


X. 


Experiments  on  Wnoiz,  By  Mr.  David  Mushett,  From  the 
Ehilojophicul  lranj'actions,  1805. 


(Concluded  from  Page  204.) 

Forging  No.  2. 

Appearances  on  On  E  half  of  this  cake  wTas  heated  to  a  fcarlet  fliade,  and  put 
forging  the  cake  r 

ofwootz,  No.  2.  unc*er  cutting  chiflel;  it  was  at  firft  ftruck  lightly,  then 

reheated,  and  cut  comparatively  foft ;  but  a  (mail  crack  had 

over-run  the  progrefs  of  the  chitfel.  Its  foftnefs  in  cutting 

was  attributed  to  an  evident  want  of  foliditv.  The  other  half 

cake  felt  harder  under  the  hammer,  but  proved  afterwards 

fpongy  throughout  the  mafs.  In  the  a6t  of  cutting,  a  loofe 

pulverifed  matter  was  difengaged  from  foine  of  the  cells, 

poffetfed  of  a  fhining  appearance. 

The  fractures  obtained  in  confequence  of  the  divifion  of  the 
half  cakes,  prefenled  a  flaltifli  cryltallized  appearance,  more 
refembling  very  white  catl  iron,  than  fteel  capable  of  being 
extended  under  the  hammer.  One  of  the  middle  cuts  was 
entirely  cellular  with  cryfiallized  interiors,  and  incapable  of 
drawing;  the  correlponding  cut  of  the  other  half  cake  was 

drawn 
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drawn  into  a  flrait  bar  three  quarters  of  an  inch  in  breadth, 
and  three-eighths  thick,  but  was  covered  with  cracks  and  flaws 
from  end  to  end.  The  colour  of  the  break  was  one  fhade 
lighter  than  No.  1,  it  tore  lefs  out,  was  equally  yolky,  and 
pofleflfed  on  the  whole  an  alped  very  unfavourable  for  good 
it  eel. 

The  other  two  outflde  quarters  were  alfo  drawn  into  thape, 
one  under  the  tilt  hammer,  and  the  other  by  hand.  Thete 
were  more  folid  in  the  fra&ure,  polftlTed  fewer  fui  face- 
cracks,  flood  a  higher  degree  of  heat,  tore  out  more,  and  ex¬ 
hibited  a  filky  gloffy  grain,  at  lead  two  {hades  lighter  in  the 
colour  than  the  centre  pieces. 

Forging  3d  Cake. 

One  half  of  this  cake,  firfl  fubjected  to  be  cut,  was  found  Appearances  or  . 
fofter  than  any  of  the  preceding,  and  exhibited  no  fymp-  ^’rs'ng  th£  cakc 
tom  of  cracking.  The  other  half  was  cut  at  three  heats, 
but  found  loofe  and  hollow  in  the  extreme.  A  confiderable 
portion  of  the  fame  brilliant  powder,  formerly  noticed,  was 
here  again  difengaged.  It  was  carefully  taken  up  for  exami¬ 
nation,  and  found  to  be  very  fine  ore  of  iron  in  a  pulverefcent 
date,  very  obedient  to  the  magnet,  and  without  any  doubt  an 
unmetallized  portion  of  that  from  which  wootz  is  made. 

This  curious  circumflance  led  me  to  examine  every  pore 
and  cell  throughout  the  whole  fragments.  On  ihe  upper  fur- 
face  of  two  of  them  I  found  fmali  pits  containing  a  portion  of 
the  ore,  which  had  been  (lightly  agglutinated  in  the  fire,  but 
dill  highly  magnetic.  The  upper  furtace  of  the  prefect  cake, 
dote  b)  the  gate  or  feeder,  contained  a  large  pit  filled  with  a 
dratum  of  femi-fufed  ore,  furmounted  by  a  mats  of  vitrified 
matter,  which  bore  evident  marks  of  containing  calcareous 
earth. 

Thofe  who  have  devoted  fufficient  attention  to  the  affinities 
of  iron  and  earths  for  carbon,  will  be  lurprifed  to  find  that,  on 
this  particular  fubjeft,  the  rude  fabricators  of  ffeel  in  Hindoflan 
have  got  the  dart  of  our  more  polifhed  countrymen  in  the 
manufacture  of  deel. 

Two  bars  of  wootz  w^ere  formed  from  this  cake,  and  thefe 
in  point  of  quality  inferior  to  any  of’  thofe  formerly  produced. 

The  appearance  of  the  metal  was  more  varied,  lefs  homoge¬ 
neous,  and  contained  more  didind  laminae  with  rufly  lurfaces, 
than  either  of  the  two  former  cakes. 


It 
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It  appeared  highly  probable,  from  the  obfervations  that  oc« 
curred  in  forging,  and  in  the  examination  of  the  cake,  that  the 
original  proportion  of  mixture  was  fuel)  as  would  have  formed 
a  quality  of  fteel  fofter  than  No.  1  and  2 ;  but  as  Reel  of  luch 
foftnels  requires  a  greater  heat  to  fufe  it,  than  when  more 
fully  faturated  with  caibonaceous  matter,  it  is  probable  that 
the  furnace  had  not  been  lufficiently  powerful  to  occafion 
complete  fufton  of  the  whole  mafs,  and  generate  a  fteel  homo¬ 
geneous  in  all  its  parts. 

Forcing  4 th  Cuke. 


Appearances  on  Both  halves  of  this  cake  cut  pleafantly,  and  with  a  degree 
forging  the  cake  of  tenacity  and  refiftance,  mixed  at  the  lame  time  with  fotU 
©i  wootz,  ]\o.  4,  nep.  beyond  w|iat  vvas  experienced  in  any  of  the  former  cakes. 

Two  quarters  of  this  cake  were  drawn  under  the  tilt  hammer, 
and  one  by  hand.  The  refuiting  bars  were,  nearly  perfedt, 
A  flight  fcale  was  obfervable  upon  the  bar,  from  that  quarter 
which  contained  the  figure.  The  tradiure  was  folid,  though 
not  homogeneous  as  to  quality  and  colour,  and  it  appeared 
pretty  evident,  that  a  conftderable  portion  of  one  fide  through 
the  whole  bar  was  in  the  ftate  of  malleable  iron,  and  of  courfe 
not  capable  of  being  hardened.  It  was  a  fubjedt  of  confider- 
able  regret,  that  the  cake  the  moll  perfedt  and  the  nfoft  tena¬ 
cious  of  the  whole,  in  the  procefs  of  forging,  fliould  get  an 
imperfection  which  rendered  it  ufelefs  for  the  perfedt  purpofes 
of  fteel. 


Forging  5th  Cake . 

Appearances  on  The  firft  half  of  this  cake  cut  uncommonly  foft  for  wootz, 
forging  the  cake  but  by  cracking  before  the  chiftel  ftill  exhibited  a  want  of 
oi  wootz.  No.  5.  proper  tenacity.  The  next  half  cut  equally  foft,  but  with  more 
tenacity.  Two  quarters  of  this  cake  drew  readily  out  under 
the  tilt  hammer,  and  a  third  was  drawn  by  hand  at  a  bright 
red,  fometimes  approaching  to  a  faint  white  heat.  None  of 
the  bars  thus  obtained  were  uniformly  free  trom  cracks  and 
fcale,  although  the  fracture  exhibited  a  fair  break  of  a  light 
blue  colour,  and  the  grain  was  diftindtly  marked,  and  free  from 
yolks. 


General  Remarks. 

*  r  e  * 

Remarks.  The  formation  of  wootz  appears  to  me  to  be  in  confequence 

tYb^the^ro”*  ^ie  *u^oa  a  Peculiar  ore,  perhaps  calcareous,  or  rendered 

duttofapecti-  highly 
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Highly  fo  by  mixture  of  calcareous  earth  along  with  a  por- liar  ore  fufcd, 

tion  ot  carbonaceous  matter.  That  this  is  performed  in  a  clav  anc^u^rered  t® 
i  ,r  i  -ii  1  .  J  C(K)1  in  a  clay 

or  other  veilel  or  crucible,  is  equally  pFefumable,  in  which  the  vefTelj 

fepara'ed  metal  is  allowed  to  cool;  hence  the  cryflallization 

that  occupies  the  pits  and  cells  found  in  and  upon  the  under 

or  rounded  fur  face  of  tire  wootz  cakes. 

The  want  of  homogenity,  and  of  real  folidity  in  almod  ky  an  heat  not 
every  cake  ot  wootz,  appears  to  me  to  be  a  direct  confequence  good  fuf10n  [ 
of  the  want  ot  heat  fufficiently  powerful  to  effect  a  perfect 
feduclion  ;  what  drengthens  this  fuppoflljon  much  is,  that 
thofe  cakes  that  are  the  ha r deft,  i.  e.  that  contain  the  gryated 
quantity  of  carbonaceous  matter,  and  of  courfe  form  the  mod 
fufible  deel,  aie  always  the  mod  folid  and  homogenious.  On 
the  contrary,  thofe  cakes,  into  which  the  cutting  chiffel  mod 
eadly  finds  its  way,  are  in  general  cellular,  replete  with 
laminae,  and  abound  in  veins  of  malleable  iron. 

It  is  probable,  had  the  native  Hindodan  the  means  of  ren-  wh*^h  is  the 
dering  his  cad  deel  as  fluid  as  water,  it  w’ould  have  occurred  was^otcaft'in 
to  hnn  to  have  run  it  into  moulds,  and  by  this  means  have  moulds* 
acquired  an  article  uniform  in  its  quality,  and  convenient  for 
thofe  purpofes  to  which  it  is  applied. 

The  hammering,  which  is  evident  around  the  feeder  and 
upon  the  upper  furface  in  general,  may  thus  be  accounted  for. 

When  the  cake  is  taken  from  the  pot  or  crucible,  the  feeder 
will  mod  probably  be  flightly  elevated,  and  the  top  of  the 
cake  partially  covered  with  final!  maffes  of  ore  and  deel  iron, 
which  the  paucity  of  the  heat  had  left  either  imperfectly  fepa- 
faled  or  unfufed.  Thefe  mod  probably,  to  make  the  product 
more  marketable,  are  cut  off  at  a  fecond  heating,  and  the 
whole  furface  hammered  fmooth. 

I  have  obferved  Lite  fame  fadds  and  dmilar  appearances  in 
operations  of  a  like  nature,  and  can  account  fatisfaddorily  for 
it  as  follows. 

The  fird  portions  of  metal,  that  are  feparatea  in  experi¬ 
ments  of  this  nature,  contain  the  larged  fliare  of  the  w'hole 
carbpn  introduced  into  the  mixture.  It  follows  of  courfe,  that 
an  inferior  degree  of  heat  will  maintain  this  portion  of  metal 
in  a  date  of  fluidity,  but  that  a  much  higher  temperature  is 
requidte  to  reduce  the  particles  of  metal,  thus  for  a  feafon 
fobbed  of  their  carbon,  and  bring  them  into  conta<d  with  the 

portion 
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Experiments  to 
tjfcertain  the 
comparative 
meafure  of 
carbon  in  wootz, 
by  the  quantity 
of  lead  it  reduces 
from  flint  glafs. 


portion  firft  rendered  fluid,  to  receive  their  proportion  of  the 
fteely  principle.  Where  the  heat  is  languid,  the  defcent  of  the 
lad  portions  of  iron  is  fluggifh,  the  mafs  below  begins  to  lofe 
its  fluidity,  while  its  diipoii lion  for  giving  out  carbon  is  reduced 
by  the  gradual  addition  of  more  iron.  An  accumulation  takes 
place  of  metallic  malfes  of  various  diameters,  rifing  up  for 
half  an  inch  or  more  into  the  glafs  that  covers  the  metal ; 
thele  are  neatly  welded  and  inferted  into  each  other,  and 
diminifn  in  diameter  as  they  go  up.  The  length,  or  even  the 
exigence  of  this  feeder  or  excrefcence,  depends  upon  the  heat 
in  genera!,  and  upon  its  temperature  at  different  periods  of  the 
fame  procefs.  If  there  has  been  lufficient  heal,  the  furface 
will  be  convex  and  uniformly  cryftalline  ;  but  if  the  heat  has 
been  urged,  after  the  feeder  has  been  formed  and  an  affinity 
eftabhffied  between  it  and  the  fleelified  mafs  below,  it  will 
only  partially  difappear  in  the  latter,  and  the  head  or  part  of 
the  upper  end  of  the  feeder  will  be  found  lulpended  in  the 
glafs  that  covers  the  Heel. 

I  he  fame  or  fimilar  phenomena  take  place  in  feparating 
crude  iron  from  its  ores,  when  highly  carbonated,  and  dif¬ 
ficult,  from  an  excefs  of  carbon,  of  being  fufed. 

The  divifion  of  the  wtoo(z  cake  by  the  manufacturers  of 
Hindoftan,  I  apprehend  is  merely  to  facilitate  its  fubfequent 
application  to  the  purpofes  of  the  arlilt  ;  it  may  ferve  at  the 
lame  time  as  a  tefi  of  the  quality  of  the  fteel. 

To  afcertain,  by  direct  experiment,  whether  wootz  owed  its 
hardneis  to  an  extra  quantity  of  carbon,  the  following  expe¬ 
riments  w’ere  performed  with  various  portions  of  wootz  of 
common  cafl  fteel,  and  of  white  crude  iron, '■premifing  that 
in  operations  with  iron  and  its  ores,  J  have  always  found  the 
comparative  meafure  of  carbon  heft  afcertained  by  the  quan¬ 
tity  of  lead  which  was  reduced  from  flint  glafs. 

IJl  Cake.  Grains* 

Fragments  of  wootz  55 

Pounded  flint  glafs  three  times  the  weight  -  195 

This  mixture  was  expofed  to  a  heat  of  160°  Wedgwood, 
and  the  wootz  fufed  into  a  well  cryftallized  fpherule  of  fteel. 
A  thin  cruft  of  revived  lead  vs  as  found  below  the  wootz,  which 
weighed  9  grains,  or  the  weight  of  wootz. 


2d  Cake 
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2 d  Cake, 


Grains* 


Experiment  to 
alcertain  the 


Fragments  of  vvootz  -  -  -  •  -  80 

Flint  glafs,  fame  proportion  as  above  -  -  240 

°  1  r  __  #  ,  comparative 

Thefufion  of  the  mixture  in  this  experiment  was  productive  meafure  of 
of  a  mafs  of  lead  weighing  10  grains,  equal  to  ■|>th  the  weight  carbon  on  wootz, 

oi  the  VVOOtZ.  .  .  of  lead  jt  reduces 


3d  Cake, 


from  flint  glafs* 


Fragments  of  wootz  -  -  «  *  *  75 

Flint  glafs  ------  225 

The  mafs  of  lead  precipitated  beneath  the  fteel  in  this  ex¬ 
periment,  amounted  to  9  grains,  or  the  weight  of  the 
wootz  employed. 


4th  Cake . 

Fragments  of  wootz  -----  93 

Flint  glafs  -------  279 

Lead  obtained,  precipitated  from  the  glafs  by  means  of  the 
carbon  of  the  wootz  14|  grains,  equal  to  the  weight  of 
the  wootz. 


5  th  Cake, 

Fragments  of  wootz  -  -  -  -  -  69 

Flint  glafs  ------  207 

The  lead  revived  in  this  experiment  amounted  to  7  grains, 
which  is  equal  to  the  weight  of  the  wrootz. 


6th.  Caft  Steel  formed  with  J-^thpartofits  Weight  of  Carbon, 

Fragments  -  ------90 

Cryftal  glafs  ------  270 

Lead  revived  8|  grains  equal  to  the  weight  of  the 
fteel  introduced. 


1th.  White  caji  Iron  dropt  while  Fluid  into  Water, 

Fragments  -  -  -  -  -103 

Cryftal  glafs  ------  309 

.  The  fufion  of  this  precipitated  23f  grains  of  lead  which  is 
equal  to  weight  of  the  caft  iron. 
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Recapitulation  of 
the  experiments. 


» 


“tyootz  contains 
more  carbon  than 
lbeel  does,  ami 
lets  than  caft: 
iron. 


Its  ore  is  pro¬ 
bably  very  ex» 
«eiient. 


On  the  natural 
and  medical  hif- 
tory  of  fpiders. 


Recapitulation  of  theft  Experiuteuis, 


1(1  cake^of  wobfz  revived  of  lead  -  -  ,  1 

2d  ditto  *  -  -  -  -  ,125 

3d  ditto  -  •  -  -  ,120 

4fh  ditto  -  -•  -  -  ,156' 

5  th  ditto  -  -  -  -  ,102 

Steel  containing  of  its  weight  of  carbon  -  ,094 

Caft  iron  -  ,228 


It  would  appear  to  reiult  from  thefe  experiments,  that  wootz 
contains  a  greater  proportion  of  carbonaceous  matter,,  than  the 
common  qualities  ot  calt  Heel  in  this  country,  and  that  (ome 
particular  cakes  approach  confiderably  to  the  nature  of  caf$ 
iron;  This  cFrcumftance,  added  to  the  imperfect  fufion  which 
generally  occurs  in  the  formation  of  wootz,  appear  to  me  to 
be  quite  fufficient  to  account  for  its  refractory  nature,  and 
unnomogeneous  texture. 

ISi otwithftandirfg  the  many  imperfections  with  which  wootz 
is  loaded,  it  certainly  potfetfes  the  radical  principles  of  good 
Heel,  a ild  jmpretTes  us  with  a  high  opinion  of  the  ore  from 
which  it  is  formed. 

the  pofleffion  of  this  ore  for  the  fabrication  of  fteel  and 
bar  iron,  might  to  this  country  be  an  objeCt  of  the  higheff 
importance.  At  prefent  it  is  a  fubjeCt  of  regret,  that  fuch  a 
fource  ot  wealth  cannot  be  annexed  to  its  capital  and  talent. 
Were  fuch  an  event  practicable,  (hen  our  Eaft  India  Company 
might,  in  their  own  dominions,  fupply  their  (lores  with  a 
valuable  article,  and  at  a  much  interior  price  to  any  they  fend 
from  this  country. 


XI. 


A  Memoir  on  the  Webs  of  Spiders,  By  C.  L.  Cad-et.* 

Spide  RS  have  often  excited  the  curiofity  of  naturalifts  and- 
the  attention  of  phyficians.  The  former  have  fuccefsfully  flu- 
died  the  habits  and  conduct  of  tbefe  infeCts ;  and  notwiths¬ 
tanding  the  repugnance  they  naturally  infpire,  thefe  accounts 

*  Abridged  from  the  Journal  de  Phyfique,  JLVIII.  4 6J* 

have 
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have  become  interefting,  from  the  induftry  with  which  they 
extend  their  webs  for  feizing  their  prey,  and  from  obferva- 
tions  on  the  multiplicity  and  arrangement  of  their  eyes,  which 
are  geometrically  difpoled  on  a  motionlefs  head,  in  a  manner 
conformable  to  their  necetlities.  Their  combats,  the  Angularity 
of  their  amours,  their  fenfibility  lor  mulic,  and  their  patience, 
all  conftitute  fubjecls  of  wonder  in  the  hiftory  of  fpiders* 

Phyficians  have  examined  whether  their  bite  be  really  veno¬ 
mous,  as  is  generally  thought ;  and  they  have  found  only  two 
fpecies  productive  of  danger,  namely,  the  tarantula  and  avicu- 
laria  of  Cayenne.  Swanmerdam,  Rofii,  and  Baglivi  have 
left  us  little  to  with  for  in  this  matter,  as  the  effects  of  their 
bile  and  the  remedies  are  both  known. 

The  webs  of  fpiders  are  confidered  by  the  common  people  Spiders’  webs  s 
as  a  remedy  for  wounds;  country  people  often  apply  them  on 
cuts  or  flight  wounds,  and  apparently  with  fuccefs.  This  wounds, 
property  was  not  of  fufficient  importance  to  induce  chemifts 
to  analyfe  the  material;  but  as  there  has  alfo  been  attributed 
to  them  a  febrifuge  virtue,  fuperior  in  fome  circumftances  to 
the  bark,  I  have  thought  them  entitled  to  a  more  particular 
examination.  The  following  extra#  is  taken  from  the  Journal 
d’ Economic  Rurale,  for  Germinal,  in  the  year  XII. 

*r  We  have  feen  upwards  of  thirty  years  ago,  a  good  prior.  Narrative  of 
the  curate  of  Batheren  in  Franche  Comtd,  cure  all  the  fevers  jers  cured  by 
of  his  parifh,  and  of  the  neighbouring  villages,  by  pills  of  ataken, 
.ftrange  compofition.  He  went  into  his  barn  and  formed 
fmall  pills  with  fpiders’  webs,  by  rolling  them  between  his 
hands  in  the  date  he  found  them.  He  adminiftered  this  re¬ 
medy  to  his  patients  in  white  wine,  and  very  feldom  failed  to 
cure.  M.  Marie  de  St.  Urfm  being  chief  phyfician  of  the 
Hotel  de  Dieu,  of  Chartres,  treated  a  very  obftinate  fever  in 
that  hofpital.  He  had  employed  bitters,  the  bark,  and  all 
the  remedies  of  medical  art  without  fuccefs,  when  one  of  the 
female  attendants  offered  to  undertake  the  cafe  with  a  cer¬ 
tainty  of  cure.  When  fhe  was  interrogated  concerning  her 
remedy,  fhe  refufed  to  mention  it.  M.  de  St.  Urfin  therefore 
continued  to  attend  his  patient  for  fome  days;  after  which, 
having  a  good  opinion  of  the  attendant,  he  determined  to  put 
his  patient  under  her  care.  There  was  no  return  of  the  fever 
after  the  fit  ft  dofe  of  the  remedy.  The  phyfician  fuppofed  that 
the  imagination  of  the  patient,  his  confidence  in  a  new  remedy, 
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and  particularly  tlie  fecrecy,  might  have  fufpendeef  the  attack, 
and  he  waited,  but  to  no  purpofe,  for  its  return.  The  at¬ 
tendant  encouraged  by  her  fuccefs,  contented  to  mention  the 
remedy,  which  proved  to  be  the  fame  as  that  of  the  curate 
of  Batheren.” 

The  editor  of  the  Journal  here  quoted,  being  druck  with 
The  new  experiments  of  Seguin  upon  gelatine  applied  to  the 
treatment  of  intermitting  fevers,  fufpe<5is  that  ipiders’  webs 
may  contain  a  principle  refembling  animal  jelly.  The  expe¬ 
riments  of  Cadet,  while  they  overthrow  this  fuppofition,  ap¬ 
pear  to  him  entitled  to  the  attention  of  medical  men. 

Experiment  1.  Spiders’  webs  triturated  in  the  cold  with 
quick-lime,  emit  a  {light  ammoniacal  fmell.  2.  Cold  water 
by  digedion  on  the  webs,  becomes  of  a  red-brown  colour; 
is  (lightly  precipitated  by  infufion  of  nut-galls ;  is  precipitated 
by  acids;  and  this  precipitate  is  again  diflolved  when  the  acids 
are  faturated  with  ammonia.  3.  Spiders’  webs  cleaned  as 
much  as  poffible  from  dud  and  foreign  matters,  were  boiled 
in  didillfcd  water.  The  deco61ion  fmelled  like  champignons, 
and  lathered  by  agitation.  The  undiffolved  matter  was  boiled 
in  additional  waters,  until  it  gave  out  nothing  more.  All 
thefe  waters  being  put  together  and  evaporated,  let  fall  their 
contents  in  fucceflive  pellicles  ;  and  at  length,  bv  gentle  eva¬ 
poration,  a  folid  extract  was  had,  nearly  equal  to  half  the 
weight  of  the  lpiders’  webs.  4.  The  refidue  not  dilfolved  in 
boiling  water,  was  digeded  in  alcohol.  ‘  It  gave  a  very  deep 
orange-coloured  tin£turfe,  which  did  not  lather.  Water  being 
added,  threw  down  a  grey  flaky  precipitate,  of  a  brown  co¬ 
lour  when  dry,  and  little  more  than  one  hundred  and  feven- 
tielh  part  of  the  original  webs.  On  hot  coals  it  fvvelled  up, 
fmoaked,  and  took  fire  ;  and  from  its  habitudes  in  thefe  re- 
fpe61s,  and  with  the  alkalies,  it  refembled  a  relin.  The  di¬ 
luted  alcoholic  folution  being  then  evaporated,  afforded  a  re¬ 
fidue  llightly  deliquefeent,  of  a  tade  at  fird  fweetifli,  and 
afterwards  bitter,  and  in  quantity  nearly  three  times  that  of 
the  refmous  precipitate,  b.  The  infoluble  refidue  after  this 
treatment  with  water  and  alcohol,  burned  without  {'welling 
up,  and  emitted  a  fmall  quantity  of  white  fumes  having  the 
fmell  of  burned  wood.  Neither  the  oxigenated  muriatic,  nor 
the  fulphtireous  acids,  difcoloured  it.  It  was  foluble  with 
eflerveleence  in  muriatic  acid,  which  took  up  two-thirds  and 
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left  a  black  pafte.  Ammonia  feparated  a  brown  matter  in 
fmall  quantity  from  the  clear  folution  ;  and  this  matter,  when 
calcined,  did  not  Iofe  its  colour.  It  was  almoft  totally  foluble 
in  muriatic  acid,  and  this  folution  gave  a  black  precipitate  with 
nut-galls,  and  a  blue  with  alkaline  prutfiate.  The  fluid  to 
which  the  ammonia  had  been  added,  gave  a  grey  precipitate 
by  pot-afh.  This  retained  its  colour  when  ignited,  and  was 
again  foluble  in  muriatic  acid  with  effervelcence.  6.  Cauftic 
pot-afh  poured  on  the  refidue  of  fpiders’  webs  previoufly  treat¬ 
ed  with  w'ater  and  alcohol,  difengages  a  little  ammonia,  and 
partly  diffolves  the  matter.  An  acid  throws  down  from  this 
iolution  a  black  pulvurelent  taftelefs  precipitate,  which  flightly 
puffs  up  by  heat,  and  leaves  by  deticcation  a  brittle  and  appa¬ 
rently  refinous  matter.  Its  quantity  is  about  one-twelfth  of  the 
exhaufted  matter  made  ufe  of.  It  is  partly  foluble  in  volatile 
oils. 

7.  The  aqueous  extrad  of  No.  3  being  digefted  witji  alco¬ 
hol,  gave  out  one-feventh  part.  This  alcoholic  extrad  was 
brown,  conliderably  deliqucfcent,  and  of  a  fliarp  tafie.  It 
fwelled  confiderably  on  the  coals,  and  at  a  certain  period  it 
burned  rapidly,  as  if  a  nitrate  were  prefent.  It  effervefced 
brifkly  with  fulphuric  acid,  giving  out  a  white  vapour  of  a 
muriatic  fmell.  Polath  and  lime  difengaged  from  this  extrad 
a  flrong  ammoniacal  fmell,  and  the  vapours  wTere  very  fenfible 
on  the  approach  of  muriatic  acid.  The  extrad  having  been 
incinerated,  appeared  by  feveral  experiments  to  contain  mu¬ 
riate  of  lime  and  a  (ulphate.  What  remained  of  the  aqueous 
extrad  after  treatment  with  alcohol,  w^as  lefs  deep  in  colour 
than  before,  had  a  purvurelent  appearance,  and  flightly  pun¬ 
gent  tafte.  On  hot  coals  it  did  not  fwell  up,  but  left  a  very 
abundant  precipitate.  Strong  fulphuric  acid  poured  on  this 
extrad  produced  no  fenfible  finell,  and  there  w>as  no  produc¬ 
tion  of  ammonia  when  it  was  triturated  with  quick-lime. 

8.  Spiders’  webs  fubjeded  to  deflrudive  diftillation,  gave 
firft  water  (lightly  coloured,  but  becoming  deeper  as  the  pro- 
cefs  went  on  ;  and  afterwards  a  black  thick  oil,  with  carbon¬ 
ated  hydrogen  and  carbonic  acid.  A  very  fenfible  fmell  of 
ammonia  wa$  developed,  and  a  refidual  coal  was  left,  amount¬ 
ing  to  half  the  matter  employed.  The  coal  after  incineration 
left  two-thirds  of  its  weight,  half  of  which  was  taken  up  by 
muriatic  acid,  and  the  remainder  teemed  to  be  file*  and  coally 
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_  matter.  The  muriatic  folution,  during  evaporation,  depofited 
fulphate  of  lime.  When  (piders*  webs  were  incinerated  in  an 
open  veffel,  the  allies  were  found  to  contain  fulphate  of  lime, 
muriate  of  foda,  and  carbonate  of  loda.  Muriatic  acid  ap¬ 
plied  to  the  refidue  took  up  more  fulphate  of  lime;  and  when 
this  lolution  was  treated  with  ammonia  and  afterwards  with 
pol-afh,  it  gave  oxide  of  iron,  a  little  alumine,  and  fome  lime. 
The  undiffolved  part  was  {ilex. 

9.  Spiders*  webs  were  almoft  totally  diffolved  in  nitric  acid 
amounting  to  fix  times  their  weight  ;  carbonic  acid  and  ni¬ 
trous  gas  being  difengaged.  The  folution  when  evaporated 
let  fall  cryflals  oi  fulphate  of  lime,  and  by  continuing  the 
evaporation,  (he  yellow,  bitter,  deliquefcent  matter,  which 
Welter  calls  amer,  was  afforded. 

Hence  the  author  concludes  that  fpiders*  webs  are  compofed 
of,  1.  A  brown  extract  foluble  in  water,  and  not  changeable 
in  the  air ;  2.  A  refinous  extract  loluble  in  alcohol,  and  very 
deliquefcent;  3.  A  fmall  quantity  of  alumine;  4.  Sulphate  of 
lime;  5.  Carbonate  of  foda;  6.  Muriate  of  foda ;  7.  Carbon¬ 
ate  of  lime;  8.  Iron  ;  9.  Silex.  The  author  thinks  that  the 
earths  and  earthy  falts  may  be  derived  from  the  local  fituatiorj 
of  thefe  infedts,  and  that  it  is  probable  that  the  webs  of  garden 
fpiders  may  not  afford  them.  The  two  conftant  produ<5is  to 
which  he  demands  particular  attention,  are  thole  obtained 
from  the  aqueous  and  alcoholic  folutions.  He  thinks  it  de- 
firable  to  try  their  medical  powers  feparately.  He  fuppofes 
the  relinous  matter  to  be  the  fame  fubftance  as  under  other 
circum fiances  forms  the  fpiders*  filk,  and  the  wax  which  Mr. 
Accum  has  elfewhere  mentioned  as  one  of  their  produ&s. 


XII. 

information  on  the  Mines  and  Manufactures  of  the  Eajl  Indies, 
and  other  Subjects.  Bj/  J.  Machlachlan,  Efq.  of  Cal¬ 
cutta.* 

SIR, 

o 

SHOULD  you  think  the  enclofed  receipts  for  dying  the 
beaulilul  reds  ot  the  Coromandel  coaft  can  be  of  any  ufe  to 

*  boc.  Arts,  1804;  for  which  the  filver  medal  was  given. 

the 
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■the  dyers  of  (he  united  Britifli  kingdom,  be  pleafed  to  lay 
-them  before  the  Society  for  the  Encouragement  of  Arts,  &c. 
that  they  may  be  publifhed  in  the  volume  of  their  Tranf- 
aftions ;  if  not,  I  trud  you  will  excufe  my  troubling  you  with 
them.  They  were  fent  to  me  from  Madras  by  a  fcientific 
friend,  who  had  the  teveral  operations,  detailed  in  them,  per¬ 
formed  in  his  own  prefence.  I  forwarded  a  copy  of  them, 
and  a  fmall  quantity  of'the  ingredients  mentioned  in  them,  to 
a  friend  at  home,  feveral  years  ago  ;  but  he  dying  about  or 
foon  after  the  time  of  their  arrival,  I  never  learned  what  be- 
came  of  them.  It  tlrikes  me,  however,  that  there  is  a  con- 
fiderable  coincidence  between  the  thread  procefs  and  that 
which  I  have  feen  recommended  by  Mr.  Henry,  of  Manches¬ 
ter,  for  dying  the  Adrianople  or  Turkey  red. 

I  am  not  certain  whether  it  is  known  at  home,  that  many  immenfe  quata* 
of  the  hills  in  Bahar,  and  other  parts  of  India,  contain  im- 
inenfe  quantities  of  mica,  talc,  or  Mufcovy  giafs.  1  he  na-  hiijs  jn  jjahar, 
tives  of  this  country  and  China  make  very  fplendid  lanterns, 

■{hades,  and  ornaments  ol  it,  tinged  of  various  fanciful  colours; 
and  it  is  alfo  ufed  by  them  in  medicine.  When  burned  or 
calcined,  it  is,  I  am  told,  confidered  as  a  lpecihc  in  obdinate 
coughs  and  confumptions.  When  powdered,  it  ferves  to 
driver  the  Indian  paper,  &c.  ufed  in  letter-writing;  and,  in 
fa£t,  it  is  applied  to  numberlets  purpofes.  1  he  bazar  price 
of  that  of  the  bed  quality,  fplit  into  (beets  of  about  two  lines 
thick,  is  fix  rupees  the  maund  of  8  l  ib.  avoirdupois.  If  it 
could  be  applied  <0  any  ufeful  purpofe  at  home,  it  might  go 
in  part  ballad  of  (hips,  and  at  a  trifling  expenfe.  I  enclofe  a 
fmall  Specimen  of  it,  and  am, 

4. 

Sir, 

Your  very  obedient  fervant, 

J.  MACHLACHLAN. 

■Calcutta,  06t.  T,  1803. 

The  chaya,  or  red  dye  root  ol  the  Coafl,  is,  I  be¬ 
lieve,  known  at  hornet  as  alio  the  cafhaw  lea\es,  which  ure^ 

.tfed  as  an  adringent. 

Quarles  Taylor,  Efy 
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/ 

Direction*  for  dying  a  bright  Bed,  four  Yards  of  |  broad 

Cotton  Cloth. 

lfr.  The  cloth  is  to  be  well  wafhed  and  dried,  for  the  pur¬ 
pose  of  clearir.g  it  of  lime  and  congee,  or  ftarch,  generally 
ufed  in  India  for  bleaching  and  drefling  cloths;  then  put  into 
an  earthen  velfel,  containing  twelve  ounces  of  chaya  or  red 
dye  root,  with  a  gallon  of  water,  and  allow  it  to  boil  a  fhort 
time  over  the  fire. 

2d.  The  cloth  being  taken  out,  waflied  in  clean  water,  and 
dried  in  the  fun,  is  again  put  into  a  pot  with  one  ounce  of 
myrabolans,  or  galls  coarfely  powdered,  and  a  gallon  of  cleur 
water,  and  allowed  to  boil  to  one  half;  when  cool,  add 
to  the  mixture  a  quarter  of  a  pint  of  buffalo’s  milk.  The 
cloth  being  fully  foaked  in  this,  take  it  out,  and  dry  it  in 
the  fun. 

/ 

3d.  Wafli  the  cloth  again  in  clear  cold  water,  and  dry  it 
in  the  fun;  then  immerfe  it  into  a  gallon  of  water,  a  quarter 
of  a  pint  of  buffalo’s  milk,  and  a  quarter  of  an  ounce  of  the 
powdered  galls.  Soak  well  in  this  mixture,  and  dry  in  the 
fun.  The  cloth,  at  this  ftage  of  the  procefs,  feeling  rough 
and  hard,  is  to  be  rolled  up  and  beetled  till  it  becomes  foft. 

4th.  Infufe  into  fix  quarts  of  cold  water,  fix  ounces  of  red 
wood  (havings,  and  allow  it  to  remain  fo  two  days.  On  the 
third  day  boil  it  down  to  two-thirds  the  quantity,  when  the 
liquor  will  appear  of  a  good  bright  red  colour.  To  every 
quart  of  this,  before  it  cools,  add  a  quarter  of  an  ounce  of 
powdered  alum  ;  foak  in  it  your  cloth  twice  over,  drying  it 
between  each  time  in  the  (hade. 

5th.  After  three  days  wafli  in  clean  water,  and  half  dry 
in  the  fun  ;  then  immerfe  the  cloth  into  five  gallons  of  water, 
at  about  the  temperature  of  120  degrees  of  Fahrenheit,  adding 
50  ounces  of  powdered  chaya,  and  allowing  the  whole  to 
boil  for  three  hours  ;  take  the  pot  off  the  fire,  but  let  the  cloth 
remain  in  it  until  the  liquor  is  perfedtly  cool;  then  wring  it 
gently,  and  hang  it  up  in  the  fun  to  dry. 

6th.  Mix  intimately  together,  by  hand,  about  a  pint  mea- 
fure  of  frcih  fheep’s  dung,  with  a  gallon  of  cold  water,  in  which 
foak  the  cloth  thoroughly,  and  immediately  take  it  out,  and 
dry  it  in  the  fun, 
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7th.  Waft)  the  cloth  well  in  clean  water,  and  fpread  it  out  Tnftruttioro  for 
in  the  fun  on  a  land-bank  (which  in  India  is  umvenally  pre-  bright  red  by 
ferred  to  a  grafs-plat)  for  fix  hours,  fprinkling  it  Irom  time  to  the^l  radian  me- 
time,  as  it  dries,  with  clean  water,  for  the  purpofe  of  fiisifh- 
ing  and  perfecting  the  colour,  which  will  be  ot  a  very  fine 
bright  red. 

J.  MACHLACHLAN. 

Calcutta ,  Oa.  4,  1803. 

'Charles  Taylor,  Efq. 

Direaions  for  dying  of  a  beautiful  red ,  eight  ounces  of  Cotton 

Thread . 

lft.  Put  one  gallon  and  a  half,  by  meafure,  of  fa p- wood 
allies,  into  an  earthen  pot,  with  three  gallons  of  water,  and 
allow  the  mixture  to  remain  twenty-four  hours  to  perfect  it 
for  ufe. 

2.  Put  the  following  articles  into  an  earthen  pot,  viz.  Three- 
quarters  of  a  pint  of  Gingelly  oil ;  one  pint,  by  meafure,  of 
fheep’s  dung,  intimately  mixed  by  hand  in  water  ;  two  pints 
of  the  above  ley. — After  mixing  thefe  ingredients  well,  pour 
the  mixture  gradually  upon  the  thread  into  another  veftel,  wet¬ 
ting*  it  only  as  the  thread,  by  being  fqueezed  and  rolled  about 
by  the  hand,  imbibes  it,  continuing  to  do  fo  until  the  whole  is 
completely  foaked  up,  and  allow  the  thread  to  remain  in  this 
ftate  until  next  day. 

3d.  Take  it  up,  and  put  it  in  the  fun  to  dry ;  then  take  a  pint 
and  a  half  of  afh-Iey,  in  which  fqueeze  and  roll  the  thread  well 
and  allow  it  to  remain  till  next  day. 

4th.  Squeeze  and  roll  it  in  a  like  quantity  of  afh-ley,  and  put 
it  in  the  fun  to  dry  ;  when  dry,  fqueeze  and  roll  it  again  in  the 
ley,  and  allow  it  to  remain  till  next  day. 

5th.  Let  the  fame  procefs  be  repeated  three  or  four  times, 
and  intermit  till  next  day. 

6th.  Ley  the  thread  once,  as  the  day  before,  and,  when 
well  dried  in  the  lun,  prepare  the  following  liquor :  One  gill  of 
Gingelly  oil ;  one  pint  and  a  half  of  afh-ley. — In  this  fqueeze 
and  roll  the  thread  well,  and  leave  it  fotill  next  day. 

7th.  Repeat  the  procefs  of  yefierday,  and  dry  the  thread  in 
the  fun. 

8  th. 
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8th.  The  fame  procefs  to  be  repeated. 

9th.  Firft  repeat  ihe  afti-Iey  procefs  three  or  four  times,  as 
under  the  operations  3,  4,  and  5,  and  then  prepare  the  follow¬ 
ing  mixture:  On  pint  of  fheep-dung  water;  one  gill  of  Gin* 
gelly  oil ;  one  pint  and  a  half  of  afh-ley. — In  this  fqueeze  and 
roll  the  thread  well,  and  dry  it  in  the  fun. 

10th.  Repeat  the  fame  procefs. 


1  Ith.  Do.  Do. 

12th.  Do.  Do. 

13th.  Do.  Do. 

3  4th.  Do.  Do. 


15th.  Wadi  the  thread  in  clean  water,  and  fqueeze  and 
roll  it  in  a  cloth  until  almoft  dry  ;  then  put  it  into  a  veflel  con¬ 
taining  a  gill  of  powdered  chaya  roof,  one  pint  by  meafure  of 
caflian  leaves,  and  ten  pints  of  clear  water;  in  this  liquor 
firjueeze  and  roll  it  about  well,  and  allow  it  to  remain  to  till 
next  day. 

16th.  Wring  the  thread,  and  dry  it  in  the  fun,  and  re¬ 
peat  again  the  whole  of  the  15th  procefs.  leaving  the  thread 
to  ffeep. 

17th.  Wring  it  well,  dry  it  in  the  fun,  and  repeat  the  fame 
procefs  as  the  day  before. 

ISth.  Do.  Do. 

19th.  Do.  Do. 

20.  Wring  and  dry  it  in  the  fun,  and  with  the  like  quantify 
of  chaya  root  in  ten  pints  of  water,  boil  the  thread  for  three 
hours,  and  allow  it  to  remain  in  the  in  full  on  until  cold. 

21  ft.  Wadi  the  thread  well  in  clear  water,  dr)  it  in  the  fun, 
and  the  whole  procefs  is  complete. 


Calcutta ,  Oct.  4,  1803. 


J.  MACLACH LAX. 
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SCIENTIFIC  N  E  IV  S. 

Imperial  Academy  of  Sciences  at  Peterjburgk . 

The  Vice  Admiral  TchitcbagofF,  Minifler  of  the  Marine  Pnw^of  the 
department,  has  forwarded  to  the  Academy  a  queftion  on  the  Academy.  ^ 
refiflance  of  fluids,  and  its  application  to  naval  architedure, 
for  the  folution  of  which  that  department  will  beflow  a  re¬ 
ward  of  1000  ducats  of  Holland,  or  462/.  10a\ 

The  academy  being  deflrous  of  feconding  the  patriotic 
views  of  the  marine  department,  decided  on  the  publication 
of  a  program  in  the  following  terms. 

Prize  propofed  by  the  department  of  the  Marine,  on  the 

lft  of  July,  1804. 

It  is  propofed,  that  of  the  two  theories  of  the  refiflance  of  The  fubjeft. 

fluids  propofed  and  applied  to  naval  architecture  by  Don  thearles  of  the 

Juan,  in  his  Examen  Maritime,  and  by  M.  Romme,  in  His  refiftance  of 

Art  de  la  Murine,  one  or  the  other  of  them,  for  example,  that  tluidi> 

of  Don  [nan  fhould  be  correded  and  improved  to  fuch  a 

degree,  as  to  afford  refults  that  (hall  differ  from  the  refults  of 

experiment,  by  fo  fmail  a  quantity,  as  may  be  practically 

neglefted  without  fenfible  error Or  otherwife,  if  thefe  or  to  efhbljfh  a] 

...  r  i  i  ,  .i  new  theory  ; 

theories  cannot  be  corrected,  it  is  propoled,  that  a  new  theory 

(hould  be  eftablifhed  and  applied  to  naval  architeCtuie,  which 

(hall  lead  to  conclufions  of  the  fame  degree  of  accuracy 

Or  otherwife,  laflly,  if  it  fliould  be  impoflible  to  eflablilh  fuch  or  to  deduce  a 

a  theory,  it  is  propofed,  that  from  experiments  at  lealt,  there  experimenu 

fliould  be  deduced  a  formula  refembling  thole  which  have  been 

given  by  Meffrs.  Boffut  and  Prony  ;  and  fuch  that  it  (ball  be 

not  only  more  conformable  to  experiments  than  thole  formulas, 

but  that  it  fliall  lead  as  nearly  as  poflible  to  the  conclufions 

drawn  from  experiments,  even  when  the  formule  fliall  be 

applied  to  naval  architecture. 

For  the  fatisfadory  folution  of  this  problem  the  department 0ne  thoufand 

•  /.  p.  /•  r  T  1  1  J  Or 

of  the  marine  has  appointed  a  prize  of  1000  Ducats  or  Holland,  OSt 
and  has  fixed  a  term  of  two  years  to  be  reckoned  from  the 
date  of  this  program.  Alter  the  expiration  of  that  term,  no 
memoirs  adclretled  to  the  academy  wull  be  received  on  this 
fubjed,  the  time  appointed  being  fufftcient  for  thofe  new 

experiments  which  the  folutions  in  queftion  rendci  indifpenfa- 
f  bly 
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bly  neceffary.  The  memoirs  forwarded  to  the  academy  mutt 
be  written  in  a  cl ittincb  legible  character,  either  in  the  French 
Englifh  or  Ruffian  language. 

(Signed  in  the  original)  PAUL  TCHITCHAGOFF. 

Term?  and  con-  In  the  invitation  accompanying  this  program,  the  Academy 
ditions  tur  1C”  requires  men  ot  fcience  who  intend  to  make  application  for  this 
moirs,  prize,  to  addrets  their  memoirs  to  the  perpetual  fecretary  of 

.that  body,  before  the  lft  of  July,  180(5,  and  that  the  writer 
fnould  clear  the  poft  charges  as  far  as  the  regulations  of  their 
refpe&ive  countries  will  allow.  The  euftomary  mode  of  mark¬ 
ing  the  memoirs  with  a  device  or  motto,  and  fending  at  the 
fame  time  a  fealed  letter,  having  the  lame  device,  and  con¬ 
taining  the  natne  and  refidence  of  the  author,  is  alfo  to  be 
adopted  in  the  prefent  inftance.  The  memoirs  will  be  ex¬ 
amined  before  the  expiration  or  the  term  of  concurrence,  by 
Ihe  Department  of  the  Marine  and  by  the  Academy;  the  lat¬ 
ter  of  whom  will  publifti  the  judgment  they  thall  adopt,  and 
the  Department  oi  the  Marine  will  crown  by  the  payment 
of  the  prize,  the  labours  of  that  author  who  (hall  have  fatis- 
tied  the  conditions  of  the  program. 

Prize  concerning  Light,  propo/cd  by  ihe  Imperial  Academy  of 

Sciences  for  the  Year  1806. 

Prize  concerning  After  an  introduction,  in  which  a  concife  ftntementis  given 
of  two  theories  refpecting  the  nature  of  light,  the  one  aferibed 
The  iliual  the-  to  Newton,  which  fuppofes  light  to  confift  in  the  emanations 
ones  that  light  Gf  matter  from  luminous  objects,  and  the  other  aferibed  to 

is  projected  mat-  ....  ,  .  . 

ter ;  or  mere  Luler,  which  deduces  the  effects  from  vibrations  of  a  peculiar 
undulation  of  a  elaftic  fluid, — they  proceed  to  ftate  rather  more  full v  a  chemical 
hypotbefis  of  Lavoifier,  who  not  only  confiders  light  as  caufed 
by  a  peculiar  matter,  but  alfo  that  this  matter  is  fubject  to  the 
elective  attradlions,  fo  as  by  its  combinations  and  difengage- 
ments  to  produce  an  exten-ftve  feries  of  phenomena,  which 
are  thus  accounted  for.  It  is  principally  with  a  view  to  de- 
velope  this  laft  hypothefis  that  they  have  propofed  a  prize  ot 
500  troubles  (£  I  12  10  0.) 

“  For  the  moft  inttructive  feries  of  new  experiments  on 
light,  qpnftdered  as  matter;  on- the  properties  which  may  with 
juftice  be  aferibed  to  it;  on  the  affinities  which  it  fliall  appear 
to  have  w  ith  other  bodies,  whether  organic  or  inorganic,  and 


fluid ; — 

— or  it  is  a  che 
mical  principle. 


Five  hundred 
roubles, 

£.112  IO  O 

The  queftion. 


OH 
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cn  the  modifications  and  phenomena  which  are  manifefted  irt 
thofe  fubftances  by  virtue  of  the  combinations  in  which  the 
matter  of  light  may  have  entered  along  with  them.” 

After  propofing  this  queffiion,  the  Academy  proceeds  to  ex'- Remarks  by  the 
plain,  by  obferving  that  wi  thout  entering  into  any  hitloric  di<-  acjcieniy* 
cullion,  or  the  objections  which  have  been  oppoled  to  this  hv- 
pothefis,  nor  the  refearches  already  made  with  a  view  to  de- 
veiope  traces  of  chemical  action  between  light  and  bodies  in 
the  different  modifications  of  natural  phenomena, — the  enqui¬ 
ries  here  propofed  may  not  be  unufefully  extended  to.lhegal- 
vanic  fire,  of  which  the  dazzling  briHiancy  when  large  piles 
are  made  to  act  upon  coally  matters,  in  fome  relpeft  imitates 
the  folar  light.  The  Academy  has  qhofen  to  enunciate  the  fub- 
ject  of  their  prize  in  a  general  way,  in  order  that  ptiilofophers 
may  not  be  in  any  refpect  impeded  as  to  the  points  of  view 
from  which  they  may  be  difpofed  to  contemplate  and  to  treat 
fo  difficult  a  fubject,  which  has  fcarcely  yet  been  entered  upon, 
though  fo  eminently  worthy  of  attention  from  the  cultivators 
of  natural  fcience. 

The  memoirs  are  to  be  written  either  in  Ruffian,  French, Conditions  and 
Englifli,  German,  or  Latin,  and  forwarded  to  the  perpetual terms* 
fecretary  of  the  Academy,  fealed  up,  with  device  arid  indi¬ 
catory  billet,  as  mentioned  with  regard  to  the  former  prize. 

No  memoirs  will  be  received  after  the  30th  of  April,  1803, 
inclusive,  and  the  author  of  that  memoir  which  in  the  judg¬ 
ment  of  the  Academy  (hall  have  merited  the  prize,  (hall  be 
proclaimed  in  the  public  meeting  of  the.  following  month  of 
July.  The  fuccefsful  memoir  becomes  the  property  of  the 
Academy,  and  muff  not  be  printed  without  their  formal  per- 
miffion.  The  other  treatifes  will  be  delivered  to  the refpe6five 
authors,  on  application  to  the  fecretary,  either  perfonally  or  by 
procuration. 


Voyages  of  M efrs.  Humbolpt  and  Box p l a  xd.  1 
Meffirs.  Levrault,  Schoell  and  Company  circulated  at  the  Voyages  of 
beginning  of  the  prefent  year  a  profpe&us  of  the  voyage  ° f Bo^i an* d t  ^ * 
Meffirs.  Humboldt  and  Bonpland,  the  publication  of  which  is 
committed  to  them  :  “  the  travellers,  they  obferve,  have  in 
general  re-written  all  their  obfervations,  whatever  might  have 
been  the  object,  in  the  narrative  of  their  voyage.  Mr.  Hum¬ 
boldt  has  thought  it  proper  to  follow'  another  courfe,  and  to 

treat 
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treat  feparatelv  all  thofe  objects  which  confiderablv  differ  in 
their  nature.  He  lias  determined  accordingly  to  publifh  in 
detached  collections,  all  that  more  particularly  belongs  to 
Aftronomy,  Geology,  Botany,  Zoology,  &c.  and  his  voyage, 
properly  lo  called,  will  embrace  all  that  relates  to  General 
Pbyfics,  the  Origin  of  Nations,  their  Manners,  their  intel¬ 
lectual  Culture,  Antiquities,  Commerce,  and  Political  Eco¬ 
nomy.  Upon  this  part  of  his  obfervations  and  the  hiftory  of 
bis  voyage,  lie  will  not  at  prefent  publilb  more  than  a  narra¬ 
tive,  under  the  title  of  Relation  abrege,  & c.  or  an  abridged 
Relation  of  a  Voyage  to  the  Tropics,  performed  in  the  inte¬ 
rior  of  the  new'  continent  during  the  years  1799,  1800,  1801, 
1802,  and  1803. 

It  is  agreed  by  MelTrs.  Humboldt  and  Bonpland,  who  are 
connected  by  the  moft  intimate  fentiments  of  friendftiip,  and 
have  {hared  together  in  alt  the  fatigues  and  dangers  of  this 
voyage,  that  the  whole  of  their  publications  (ball  be  in  their 
joint  names.  The  preface  to  each  work  will  announce  to 
which  of  them  the  feveral  parts  are  refpefiively  to  be  aferibed. 
The  lift  of  Works  fpeedily  to  appear  are  as  follows  : 

1.  The  abridged  Relation  of  the  Voyage,  in  quarto;  pro- 
m  ifed  in  July,  1805. 

2.  A  Collection  of  Agronomical  Obfervations  and  Admea- 
lurenients  made  on  the  new  continent ;  promifed  in  1805. 

3.  An  Ellay  on  the  Geography  of  Plants,  or  a  Philofophical 
Sketch  of  the  Equinoctial  Regions;  founded  on  obfervations 
made  from  the  18th  degree  of  foutli  latitude,  in  the  years  be¬ 
fore  mentioned,  with  one  large  plate,  coloured  ;  promifed  in 
June,  1805. 

4.  EquinoCtial  Plants,  collected  in  Mexico  and  the  IHe  of 
Cuba,  in  the  Provinces  of  Caracas,  Cumena  and  Barcelona, 
on  the  Andes  of  New  Grenada,  Quito  and  Peru,  and  on  the 
banks  of  Rio  Negro,  Oroonoko  and  the  River  of  Amazons, 
with  plates  engraved  by  Scilicr ,  in  folio;  the  firft  number  to 
appear  in  April,  1805. 

5.  A  Collection  of  Obfervations  of  Zoology  and  compara- 
rative  Anatomy,  made  in  a  Voyage  to  the  Tropics;  with 
plates  engraved  by  Bouquet ,  coloured  or  not,  at  the  option  of 
the  purebafer.  The  lirft  number  to  appear  in  May. 

N.B.  All  thefe  works  will  bear  the  general  title  of  Voyage 
.de  M.  M .  Alexandre  de  Humboldt  et  /lime  Bonpland ,  and  will 

form 
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form  a  collection  of  the  fame  fize  and  type,  except  the  Equi¬ 
noctial  Plants,  which  are  larger.  Subfequent  notices  of  the 
price  and  publication  are  to  appear  in  the  journals, 

Fijh  eje&ed  from  Volcanoes. 

AMONG  the  great  number  of  fa6ts  which  Humboldt  has  Volcanic  erup. 
collected  in  his  voyage,  the  following  lately  communicated  to  tlon  °* 
the  National  Inflitute  is  very  curious.  Several  volcanoes  of 
the  Cordilleras  of  the  Andes  occalionally  throw  out  eruptions 
of  mud  mixed  with  large  volumes  of  frefb  water,  and  what 
is  moft  remarkable,  an  infinite  number  of  fillies.  The  vol¬ 
cano  of  Imbaburo,  among  others,  threw  out  at  one  time  fo 
great  a  number  near  the  town  of  Ibarra,  that  their  putrefac¬ 
tion  occafioned  diforders.  This  phenomenon,  afionifiiing  as 
it  appears,  is  not  even  extraordinary,  but,  on  the  contrary,  of 
coniiderable  frequency,  fo  that  the  fa£is  are  authentically  pre¬ 
fer  ved  in  the  public  regifters,  along  with  thofe  of  earthquakes. 

It  is  more  particularly  fingular  that  thefe  fifh  are  not  at  all  in¬ 
jured,  though  their  flrudture  is  very  foft.  They  do  not  even 
appear  to  have  been  expofed  to  a  high  temperature;  for  the 
Indians  altert  that  they  fometimes  arrive  at  the  foot  of  the  moun¬ 
tain  ftill  living.  Thefe  animals  are  fometimes  thrown  out  of 
the  mouths  of  the  crater  and  fometimes  through  lateral  clefts  ; 
butalwaysat  the  height  of  12  or  1300toifes  or  fathoms  above 
the  furrounding  plains.  Hurrfboldt  thinks  they  are  produced 
in  lakes  fituated  at  that  height  within  the  crater  ;  and  it  is  a 
confirmation  of  this  opinion  that  the  fame  fpecies  are  found  in 
the  brooks  which  run  at  the  foot  of  the  mountains.  It  is  the 
only  fpecies  vyhich  fubfifis  at  the  height  of  14-00  toifes.  It  is 
a  new  fpecies  to  naturalifls.  Plumboldt  made  a  drawing  of  it 
on  the  fpot,  and  gave  it  the  name  of  Pimelodrus  Cyclopum  or 
thrown  by  the  Cyclops .  It  will  be  found  in  the  firfl  number  of 
his  Zoology. 

Water  formed  by  Mechanical  Preface. 

IN  a  fitting  of  the  French  National  Inflitute  at  the  com-  Combuftion  of 

mencement  of  the  prefent  year,  M.  Biot  read  a  note  on  the  rx>'Scn  and 

r  j  ’  ^  "  drogen  by  mc- 

formation  of  water  by  mere  eompreffion.  The  experiment  ofehanical  pre¬ 
forming  water  out  of  ilsr component  parts  oxygen  and  hydro- ljiC* 
gen  by  burning  thofe  gafes  by  the  ele<5tric  (park  is  well  known. 

M.  Biot  has  fucceeded  in  determining  this  combination  inde¬ 
pendently  of  electricity,  by  rapidly  comprefnng  a  mixture  of 

the 
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the  two  gafes  included  in  the  fyringe  of  an  air-gun.  The 
compreffion  which  forces  the  particles  of  gas  together,  caufes 
them  to  give  out  a  fufficient  quantity  of  heat  to  let  tliem  on 
fire.  Some  caution  is  requiliie  in  repeating  this  experiment, 
which  is  not  without  danger.  Out  of  three  times  that  M. 
Biot  made  it,  there  were  two  in  which  the  brafs  cap  ot  the 
pump  and  the  barrel  itfelf,  which  was  iron,  were  broken  by 
the  explofion. 


tween  210/ 
300°. 


Malleability  of  'Zinc . 

Zinc  is  malleable  -A  VERY  curious  and  ufeful  difcovery  has  been  made  by 
•while  heated  be-  Meflrs.  Charles  Hobfon  and  Charles  Sylvefter,  both  of  Shef- 
aMC*  field,  that  zinc  is  in  fa  ft  a  malleable  metal.  The  laminability 
of  this  metal  to  a  certain  contiderable  degree,  has  long  been 
known;  but  it  was  not  lufpe&ed  that  it  is  capable  of  being 
forged  and  drawn  into  wire.  They  have  found  that  at  a  tem¬ 
perature  between  210°  and  300°  of  Fahrenheit  zinc  yields  to 
the  hammer,  and  alio  that  it  may  be  wire-drawn  or  laminated 
by  keeping  it  at  this  temperature  during  the  mechanical  oper¬ 
ation.  An  oven  ot  a  hollow  metallic  veflfel  kept  at  a  due  heat 
may  be  ufed  for  the  pieces,  in  the  fame  manner  as  the  Smith’s 
forge  is  ufed  for  iron  and  fteel.  It  appears  that  the  zinc,  alter 
having  been  thus  annealed  and  wrought,  continues  foil,  flex¬ 
ible  and  extenfible,  and  does  not  return  to  its  lormer  partial 
brittlenefs,  but  may  be  bended  and  applied  to  the  ufes  for 
which  zinc  has  hitherto  been  thought  unlit,  fuch  as  the  fabri¬ 
cation  of  veflels,  the  fheathing  of  fliips,  and  numerous  other 
important  applications.  I  havefeen  a  chaled  or  damped  figure 
railed  at  one  llroke  in  thin  zinc  ;  which  is,  I  think,  as  much 
elevated  as  it  could  have  been  in  copper.* 


Palladium. 


Erratum  cor- 
e&ed. 


Palladium . 

BY  . a  letter  from  Meflrs.  Knight,  of  Fofter-lane,  I  am  in¬ 
formed  that  the  new  metal,  palladium,  may  be  purchaled  at 
their  warehoufe. 

Mr.  GREGORY  begs  leave  to  correct  a  mifiake  which 
occurs  in  his  paper  on  horfe-powers,  occafioned  by  his  inad-. 
vertenlly  copying  from  fome  of  his  former  obfervations  on  that 
fubjeft  the  fraction  &  inllead  of  -J  for  the  approximate  value  of 

the  exponent  n:  this  makes  a  change  in  the  refults  of  the  com- 

99 

putation  at  page  148;  for  (9  —  3) i  :  (9  —  4.4) 5  :  :  1 80 :  SO‘58, 
or  nearly  80|  lb.  inftead  of  7  if,  as  there  given.  He  alfo 
p.oints  out  a  prefs  error  at  p.  153,  wiiere  the  lyrabols  of  mul¬ 
tiplication  in  each  of  the  theorems  Ihould  have  been  figns  or 
addition. 


*  The  inventors  have  obtained  a  patent. 
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Method  of  coating  with  platina,  282 
Steinacher,  on  the  rectification  of  nitric 
acid,  134 
Stocker,  Mr.  154 

Stodart,  Mr.  James,  his  method  of  gild¬ 
ing  upon  fteel,  215 — Of  covering  fteel 
or  brafs  with  platina,  282 
Stone,  found  propagated  to  a  great  diftance 
through,  129 
St.  Uifin,  M.  de,  291 


Sulphate  of  barytes,  method  of  decom* 
pofing,  161 

Sulphur-alcohol  of  Lampartius,  170 
Sun,  or  hemp  of  the  Eengalefe,  34,  43,  46 
Sylveftcr  and  Hopfon,  Meflrs.  malleability 
of  zinc  difeovered  by,  304 
Sympathy,  phyfical,  occafion  of  195 

T. 

Talc  found  in  vaft  quantities  in  India,  299 
—For  what  purpofes  uled  there,  ib. 
Tan,  perhaps  ftrengrhens  vegetable  as  well 
as  animal  fibres,  38,  42 
Tar,  weakens  ropes,  39,  42 
Taylor,  Mr.  C.  121 
Tchitchagoff,  Vice-admiral,  299 
Tennant,  Mr,  his  difeovery  of  two  new 
metals  in  crude  platina,  59 
Thermometer,  La!ande‘s  pr^pofal  for  a  new 
fcale  of  the,  61 
Thenard,  77 

Thiout,  inventor  of  the  detached  fcape- 
ment,  5 

Thoelden,  Mr.  A.  F.  his  letter  on  the  ge¬ 
ocentric  places  of  the  new  planets,  99 
Thomfon,  And.  Efq.  his  new  and  cheap 
method  of  purifying  gold  filver,  125— 
127 

- Dr.  75,  79,  80,  82,  84,  85,  251 

Time  keeping  machines,  on  the  conftruc- 
tion  ot,  1 — 5— -Compenfation  curb  for, 
19— Accurate  method  of  banking  the 
balance  of,  114 

Tin,  action  of  phofphorus  on  folution  of, 
140 — Recent  muriate  of,  the  moft  de¬ 
licate  teft  of  mercury,  179 
Topaz,  fluoric  acid  difeovered  in,  58 
Topographical  delineations,  improvements 
in,  203 

Trevithick,  Mr.  95 
Trommfdorff,  133,  168,  169 
Troughton,  Mr.  the  fteel  wires  of  his 
pendulum  too  fi  ght,  1 

V. 

Vacuum  and  fafety  valve  combined,  243 
Vafcularity  of  animals  limited,  193 

Vauquelin, 
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Watches,  compenfation  curb  for,  19 — Ac¬ 
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Water-hammer  deferibed,  217 
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Wavell,  Dr.  1 53 
Wavellite,  153 — 15$ 

Wells,  Capt.  186 
Welter,  134 
Werner,  14 
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Whatley,  Mr.  T.  237 
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metals  in  crude  platina,  59 — And  of 
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Zinc,  a  malleable  metal,  304. 


9 


THE  END  OF  THE  ELEVENTH  VOLUME. 


Printed  by  W.  Stratford,  Crown  Court,  Temple  Boev 

9 


■ 


-  • 


u 


. 


*• 

- 


.1 


,  -  - 

*•  .  .  t 

' 


4 


. 


ft 


